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Comprehensive Collaborative Alternative 
Protecting Essential Fish Habitat in the Pacific While Maintaining Fisheries 

 
Summary 
 
The Comprehensive Alternative represents a thorough and practicable suite of fishery 
management measures designed using the best available scientific and economic data available 
to the public to mitigate the adverse effects of bottom trawling on Essential Fish Habitat off the 
U.S. West Coast.  The approach protects habitat most at risk from bottom trawl damage and 
provides continued opportunity for commercial bottom trawl fisheries.  The Alternative 
represents the best attempt to develop a practical management with the limited data provided by 
NMFS.  The alternative meets these objectives by combining the following management 
measures: 
 

1. Spatial management of bottom trawling by determining open and closed areas based on 
benthic habitat type, current trawl closures, distribution of vulnerable fish habitats, 
unique geological and topographic features, and the value of bottom trawl catch in each 
area. 

2. Catch reductions which may be determined by the Council as appropriate. 
3. Expansion of current gear restrictions to set maximum footrope sizes of 8 inches 

throughout the PFMC region. 
4. Monitoring of habitat damage using Vessel Monitoring Systems and onboard observers 

that report bycatch of habitat-forming invertebrates, enabling fishery managers and the 
public to accurately evaluate the habitat impacts of individual trawl vessels and the trawl 
fleet as a whole. 

5. Benthic research and mapping program to improve the spatial resolution of benthic 
habitat distribution and provide habitat use information for all life stages of all FMP 
species and other ecosystem indicator species to the highest degree possible. 

 
The remainder of this document provides a detailed description of the methodology and the 
scientific justification for each module of the Comprehensive Alternative. 
 
Need for Action 
 
Bottom trawling off the Pacific Coast causes long-term, adverse impacts to fish habitat.  There is 
general scientific consensus that bottom trawling has wide ranging effects on habitats and 
ecosystems.  These include: 
 

• changes in physical habitat of ecosystems 
• changes in biologic structure of ecosystems 
• reductions in benthic habitat complexity 
• changes in availability of organic matter for microbial food webs 
• changes in species composition 
• reductions in biodiversity1 

                                                 
1 National Research Council, “Effects of Trawling & Dredging on Seafloor Habitat” at 29. 
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Bottom trawling removes epifauna, thereby reducing habitat complexity and species diversity of 
the benthic community (Collie et al. 2000, Kaiser et al. 2000).  According to the National 
Academy of Sciences, if disturbance from trawling exceeds the resiliency threshold, then 
irrevocable long-term ecological effects will occur (NAS 2002).  Gravel pavement substrate 
disturbed by bottom trawling on Georges Bank in the Northeast Atlantic, for example, had 
significantly less emergent epifauna, shrimp, polychaetes, brittlestars, and small fish than 
undisturbed sites (Collie et al., 2000).  
 
Bottom trawling decreases benthic productivity.  Trawled areas of the North Sea, off the coast of 
Ireland, were significantly less productive when compared to untrawled areas of similar habitat 
type (Jennings et al. 2001).  Areas disturbed by mobile fishing gear on Georges Bank had lower 
levels of benthic production (both biomass and energy) when compared to undisturbed areas 
(Hermsen et al. 2003).   
 
Research from around the world indicates the destruction of living seafloor negatively impacts 
fish populations.  Destruction of bryozoan growths by trawling in Tasman Bay, New Zealand 
resulted in a marked reduction in numbers of associated juvenile fish (Turner et al. 1999).  
Predation rate on juvenile Atlantic cod (Gadus morhua) increases with decreasing habitat 
complexity (Walters & Juanes 1993).  Case studies in New Zealand and Australia suggested that 
loss of habitat structure through removal of large epibenthic organisms by fishing had negative 
effects on associated fish species (Turner et al. 1999).  Dense aggregations of Pacific ocean 
perch (Sebastes alutus) and euphausiids were associated with biogenic habitats (sea whip groves) 
in a Bering Sea submarine canyon, while areas with damaged biogenic structures had far fewer 
rockfish, and areas in the canyon without biogenic structure had no rockfish (Brodeur 2001).  
Removal of epifaunal organisms may lead to the degradation of habitat such that it is no longer 
suitable for associated fish species (Auster et al. 1996). 
 
In order to ensure long-term sustainability of our fisheries, management measures to protect 
habitat from the adverse effects of bottom trawling must be instituted now. 
 
Spatial Management Measures 
 
The spatial management measures of the Comprehensive Alternative define the areas that are 
open and closed to bottom trawling. These management measures are additive to existing 
closures.  These areas are currently determined based on several criteria described in detail in the 
following sections.  Areas closed to bottom trawling are based on the locations of sensitive and 
complex habitat areas and/or areas with low economic value to the bottom trawl fleet.  
Boundaries were drawn to minimize overlap with high value fishing areas and to closely follow 
the habitat features.  The overall formulation of the spatial management measures is based on a 
combination of various data layers provided by NMFS and other data sources.   
 
Areas Open to Bottom Trawling 
The objective of defining areas in which bottom trawling is permitted is twofold: 

1. To prevent further geographic expansion of bottom trawling, and 
2. Limit the bottom trawl footprint to historically trawled areas of the most economic 

importance 
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This objective is driven by studies that demonstrate that the relative impacts of trawling are 
greater when areas are trawled for the first time or trawled infrequently (for example Dinmore et 
al. 2003).   
 
To define the open bottom trawl areas, we examined bottom trawl records of groundfish catch 
occurring from 2000-2003 from the PACFIN dataset aggregated to 10-minute blocks with 
species or species group resolution and excluding any information which the Fisheries Service 
asserted is confidential.  Data with a finer resolution is preferable and is much more useful for 
spatial analysis, but the public faces a tradeoff when requesting spatial fishery data from the 
Fisheries Service.  Requesting data on a fine scale results in a significant loss of data, since the 
Fisheries Service withholds information if less than 3 fishing vessels operate in the area for 
which fishing information is requested.  Given the constraints placed upon the data by the 
Fisheries Service, a spatial resolution of 10-minute blocks was selected to ensure consistency 
with the analyses performed by Terralogic and MRAG for the Pacific Groundfish EFH EIS and 
to minimize data loss due to confidentiality. A span of years from 2000-2003 was selected to 
reflect variability in annual trawl effort and the effort under current conditions.  In 2000, a 
footrope restriction in some areas altered the distribution of trawl effort (Bellman and Heppell, in 
press).  Trawl restrictions in the Rockfish Conservation Areas (RCA) also altered distribution of 
trawl effort over this period.    
 
Areas of the open bottom trawl footprint do not supercede existing management closures, such as 
where the bottom trawl footprint overlaps areas of the RCA. 
 
Areas Closed to Bottom Trawling 
 
Closed areas can protect living habitats from damage by bottom trawling.  In addition, closed 
areas can promote recovery in habitats already impacted by bottom trawling.  Ideally placement 
of closed areas would occur across a range of vulnerable, representative habitat types (NRC 
2002).  Only year round bottom trawl closures for all species are considered to provide 
protection to EFH.  
 
Within the area currently being bottom trawled, 41 areas of importance were identified using the 
following criteria: 

• Hard substrate 
• Habitat-forming invertebrates 
• Canyons and Gullies 
• Rocky Ridges 
• Rocky Slopes 
• Trawl hangs and abandoned trawl survey stations (“untrawlable area”) 
• Seamounts 
• Highest 20% habitat suitability for overfished groundfish species  

 
Pursuant to this draft Comprehensive Alternative, no bottom trawling would be permitted within 
the following 41 areas (Fig. 42).  Table 42 shows the criterion used in the selection and boundary 
determination of each area.  Appendix 1 provides a map and description of each area.  Appendix 
3 describes the latitude and longitude points of the vertices of the boundaries of the areas. 
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Figure 42:  Map of proposed areas open and closed to bottom trawling. 
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Table 42:  Criterion for identifying areas of interest 
 

Proposed closed area 
Hard 
substrate1 

Documented 
structure 
forming 
invertebrates2 

Canyon or 
gully 
habitat1 

Rocky 
ridge 
habitat1 

Rocky slope 
habitat2 

1 Olympic_1 no* yes yes no no 
2 Olympic_2 no* yes yes no no 
3 Biogenic area_1 no yes yes no no 
4 Biogenic area_2 no yes yes no no 
5 Grays Canyon no yes yes no no 
6 Biogenic area_3 no yes no no no 
7 Astoria Canyon yes yes yes yes yes 
8 Ridges_biogenic_area_5 yes yes no yes yes 
9 Biogenic area_6 no yes no no no 

10 Biogenic area_7 no yes no no no 
11 Biogenic area_8 yes yes no yes yes 
12 Daisy Bank yes yes no yes yes 
13 Heceta Bank yes yes yes yes yes 
14 Ridges_biogenic area_9 yes yes no no yes 
15 Ridges_biogenic area_10 yes yes no yes yes 
16 Hard bottom feature_1 yes yes no no yes 
17 Rogue Canyon yes yes yes no yes 
18 Biogenic area_11 no yes yes no no 
19 Eel River Canyon yes yes yes yes no 
20 Mendocino Ridge yes yes yes yes no 
21 Hard bottom feature_2 yes no no no no 
22 Biogenic area_12 yes yes no no no 
23 Cordell Bank yes yes yes no no 
24 Hard bottom feature_3 yes yes yes no no 
25 Hard bottom feature_4 yes no no no no 
26 Monterey Bay and Canyon yes yes yes no yes 
27 Hard bottom feature_5 yes no yes yes no 
28 Biogenic area_13 yes yes no no no 
29 Morro ridge yes yes no yes yes 
30 Channel Islands yes yes yes yes yes 

31 
Cowcod conservation 
area_west yes yes yes yes yes 

32 Hard bottom feature_6 yes yes yes yes yes 

33 
Cowcod conservation 
area_east no no no yes no 

34 Thompson Seamount unk** no unk** unk** unk** 

35 
President Jackson 
Seamount unk** no no no no 

36 Taney Seamount unk** no no no no 
37 Gumdrop Seamount yes yes yes yes no 
38 Pioneer Seamount yes yes yes yes no 
39 Guide Seamount yes no yes yes yes 
40 Davidson Seamount yes yes yes yes no 
41 San Juan Seamount yes no no yes no 
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Table 42:  Continued…. 
 

Proposed closed area Trawl hangs3 
Abandoned survey 
stations3 

Highest 20% habitat 
suitability for overfished 
species4 

1 Olympic_1 yes yes yes 
2 Olympic_2 yes yes yes 
3 Biogenic area_1 yes no yes 
4 Biogenic area_2 no no yes 
5 Grays Canyon yes yes yes 
6 Biogenic area_3 n/a n/a yes 
7 Astoria Canyon yes yes yes 
8 Ridges_biogenic_area_5 yes no yes 
9 Biogenic area_6 no no yes 

10 Biogenic area_7 yes yes yes 
11 Biogenic area_8 yes yes yes 
12 Daisy Bank yes no yes 
13 Heceta Bank yes yes yes 
14 Ridges_biogenic area_9 n/a n/a yes 
15 Ridges_biogenic area_10 n/a n/a yes 
16 Hard bottom feature_1 yes yes yes 
17 Rogue Canyon yes yes yes 
18 Biogenic area_11 n/a n/a yes 
19 Eel River Canyon yes yes yes 
20 Mendocino Ridge yes yes yes 
21 Hard bottom feature_2 no no yes 
22 Biogenic area_12 yes yes yes 
23 Cordell Bank yes yes yes 
24 Hard bottom feature_3 n/a n/a yes 
25 Hard bottom feature_4 yes no yes 
26 Monterey Bay and Canyon yes yes yes 
27 Hard bottom feature_5 n/a n/a yes 
28 Biogenic area_13 no no yes 
29 Morro ridge yes yes yes 
30 Channel Islands n/a n/a yes 

31 
Cowcod conservation 
area_west n/a n/a yes 

32 Hard bottom feature_6 n/a n/a yes 

33 
Cowcod conservation 
area_east n/a n/a yes 

34 Thompson Seamount n/a n/a no 

35 
President Jackson 
Seamount n/a n/a no 

36 Taney Seamount n/a n/a no 
37 Gumdrop Seamount n/a n/a yes 
38 Pioneer Seamount n/a n/a no 
39 Guide Seamount no no yes 
40 Davidson Seamount n/a n/a yes 
41 San Juan Seamount n/a n/a no 

1 Evidence of hard substrate and habitat types as defined by and documented in the Consolidated GIS Data, Volume 
1, Physical and Biological Habitat data disk 
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2 Preliminary Report on Occurrences of Structure-Forming Megafaunal Invertebrates off the West Coast of 
Washington, Oregon and California, 2004, Fishery Resource and Monitoring Division NWFSC.  Associated 
datasets from AFSC trawl surveys 1977-2001, NWFSC trawl surveys 2001-2003, MCBI database of deep-sea corals 
(Etnoyer and Morgan 2002), submersible dive data (Wakefield, unpublished data).  Does not include database of 
habitat-forming invertebrate bycatch  from West Coast Observer Program 
3 Zimmerman, M.  2003. 
4 Pacific EFH Risk Assessment 
 
* Localized multi-beam mapping of the area was not integrated into the EFH habitat map, possibly due to 
compatibility of data (Steve Intelmann, GIS analyst, Olympic Marine Sanctuary, pers. com.).  As a result, the EFH 
habitat polygons show an area known to contain pinnacles and high relief, rocky habitat displayed as “sedimentary 
shelf” (Steve Intelmann, pers. com.)  
 

** These areas have not been multi-beam mapped 



 13

Description of Selection Criterion 
 
Hard Substrate  
 
Hard substrates are one of the least abundant benthic habitats, yet they are among the most 
important habitats for fishes (Pacific EFH PDEIS).  Hard substrates are also the seafloor 
substrate most sensitive to bottom trawling (NAS 2002, Pacific EFH PDEIS).  
 
Many groundfish species managed by the PFMC use hard bottom habitats during one or more of 
their life stages.  These include aurora rockfish, bank rockfish, black rockfish, black-and-yellow 
rockfish, blackgill rockfish, blue rockfish, bocaccio, bronzespotted rockfish, brown rockfish, 
cabezon, calico rockfish, California scorpionfish, canary rockfish, chilipepper, China rockfish, 
copper rockfish, cowcod, dusky rockfish, flag rockfish, gopher rockfish, grass rockfish, 
greenblotched rockfish, greenspotted rockfish, greenstriped rockfish, harlequin rockfish, 
honeycomb rockfish, kelp greenling, kelp rockfish, leopard shark, lingcod, Mexican rockfish, 
olive rockfish, Pacific cod, Pacific ocean perch, pink rockfish, quillback rockfish, redstripe 
rockfish, rosethorn rockfish, rosy rockfish, rougheye rockfish, sharpchin rockfish, shortbelly 
rockfish, shortraker rockfish, silvergray rockfish, speckled rockfish, spotted ratfish, squarespot 
rockfish, starry rockfish, stripetail rockfish, tiger rockfish, treefish, vermilion rockfish, widow 
rockfish, yelloweye rockfish, yellowmouth rockfish, and yellowtail rockfish (Pacific EFH 
PDEIS). 
 
Location of hard substrate polygons from the Consolidated GIS Data, Volume 1, Physical and 
Biological Habitat data disk (PFMC 2003) were plotted in GIS to identify sensitive habitat and 
determine boundaries of areas closed to bottom trawling. 
 
Habitat-forming invertebrates 
 
Corals, sponges, and other habitat-forming invertebrates provide three-dimensional structure on 
the seafloor that increases the complexity of benthic substrates.  While corals and sponges are the 
most conspicuous and easily observable biogenic structures, they generally occur in diverse 
biological communities with other invertebrates such as crinoids, basket stars, ascidians, 
annelids, and bryozoans.  Henry (2001) found thirteen hydroid species collected from only four 
coral specimens, suggesting that northern corals support highly diverse epifaunal communities. 
Beaulieu (2001) observed 139 taxa associated with deep-sea sponge communities in the 
northeast Pacific.  Buhl-Mortensen and Mortensen (2004) found 17 species of Pandalus shrimp, 
isopods, amphipods, copepods, and decapods associated with Paragorgia arborea and Primnoa 
resedaeformis in Nova Scotia, including an obligate associated copepod. Removal of habitat 
structure in relatively low-structure soft-sediment systems significantly decreases biodiversity, 
and consequently that of the wider marine ecosystem (Thrush et al. 2001).  Therefore, protecting 
known areas of coral and sponge habitat inherently protects areas of high benthic diversity and a 
host of benthic organisms that provide habitat for fish in the form of food and shelter. 
 
Structure-forming invertebrates (or biogenic habitat) are sensitive to impacts from bottom trawl 
gear (NAS 2002, Anderson et al. 2002, Krieger 1999, MacDonald et al. 1996, Van Santbrink and 
Bergman 1994).  Deep-sea corals and sponges are long-lived and are not resilient to 
anthropogenic disturbance. Hexactinellid sponges can be up to 220 years old with average 
growth rates of 1.98 cm/year (Leys and Lauzon 1998).  The colonies of the deep sea coral 



 14

Primnoa resedaeformis, have been aged to over 300 years old, suggesting recovery rates of over 
100 years or more (Risk et al. 2002).  The estimated age of the deep sea coral Anthomastus ritteri 
was 25-30 years in California's Monterey Bay (Cordes et al. 2001). 
 
Deep sea corals and sponges provide three dimensional structures that form habitat for 
commercial groundfish, shellfish, and other marine life (Husebo et al. 2002; Krieger and Wing 
2002; Malecha et al. 2002; Heifetz 2002).  They are found at depths from 30 meters to over 
3,000 meters (Krieger and Wing 2002).  Many cup corals, hydrocorals, and Metridium anemones 
are found at depths as shallow as 15 m.  Some larger species of deep sea corals, such as 
Paragorgia sp. can grow over 3 m tall.  Because these long-lived filter feeders are attached to the 
seafloor, they may be important indicators of areas in the ocean that have consistently favorable 
ecological conditions, such as areas of high upwelling that are worth protecting for other reasons 
as well.    
 
The following species are known to associate with corals and sponges: rougheye rockfish, 
redbanded rockfish, shortraker rockfish, sharpchin rockfish, Pacific Ocean perch, dusky rockfish, 
yelloweye rockfish, northern rockfish, shortspine thornyhead, several species of flatfish, Atka  
mackerel, golden king crab, shrimp, Pacific cod, walleye pollock, greenling, Greenland turbot, 
sablefish, and various non-commercial marine species (Freese 2000; Krieger and Wing 2002; 
Heifetz 1999; Else et al. 2002; Heifetz 2002).  Red tree corals (Primnoa sp.) are known to 
provide protection from predators, shelter, feeding areas, spawning habitat, and breeding areas 
for fish and shellfish and are found throughout the U.S. West Coast (Krieger and Wing 2002).   
Stone (preliminary data, 2004) found an 87% rate of association between adult Alaskan FMP 
species and biogenic habitat and a 100% association rate for juveniles.  Kaiser et al. (1999) found 
that biogenic habitat structure is an important component of demersal fish habitat, and observed 
higher densities of gadoid fish species associated with structural fauna such as soft corals, 
hydroids, bryozoans, and sponges in the southern North Sea and eastern English Channel.  
Husebo et al. (2002) found that the largest catches of redfish (Sebastes marinus) were made with 
long-line fleets set in deep sea coral reef habitats.  Rocha et al. (2000) found that sponges are 
habitat 'oases' in a desert of rubble and flat rocky bottoms in Brazil.  Reed (2002) in a study of 
deep water Oculina reefs along eastern Florida, noted extensive areas of Oculina rubble in part 
as the result of bottom fishing and major declines in commercial fish populations in the reefs 
from 1970-1990.  Prevention of damage by bottom trawls to corals and other “living substrates” 
may increase the amount of protective cover available to slope rockfish to escape predation, 
increase survival of juvenile fish and thus have a positive impact on the stocks ( North Pacific 
EFH EIS). 
 
Managed fish species in the PFMC management region using structure-forming invertebrates 
(such as corals, basketstars, brittlestars, demosponges, gooseneck barnacles, sea anemones, sea 
lilies, sea urchins, sea whips, tube worms, and vase sponges) as biogenic habitat include 
arrowtooth flounder, big skate, bocaccio, California skate, cowcod, Dover sole, flag rockfish, 
greenspotted rockfish, lingcod, longspine thornyhead, Pacific ocean perch, quillback rockfish, 
rosethorn rockfish, sablefish, sharpchin rockfish, shortspine thornyhead, spotted ratfish, starry 
rockfish, tiger rockfish, vermilion rockfish, yelloweye rockfish, and yellowtail rockfish (Pacific 
EFH PDEIS). 

 
Bycatch of habitat-forming invertebrates is the most direct evidence of adverse impacts of 
fishing to biogenic habitat.  The West Coast groundfish observer program (WCGOP) was 
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established to obtain more precise estimates of fishery discards and total catch (NMFS 2003).  
For the same reasons that the WCGOP improves the accuracy of catch estimates for overfished 
groundfish, observer data can and should be used to both evaluate the impacts of fishing on EFH 
and develop mitigation measures in the EFH EIS.  In fact, a repeated criticism of the Alaska 
Region EFH DEIS by the Center for Independent Experts was that coral, sponge, and bryozoan 
bycatch from observer records were not analyzed, utilized, or incorporated (Drinkwater 2004).  
Specifically, the Center for Independent Experts recommended that NMFS “…analyze catch and 
effort data, observer by catch data, field studies and consult with the industry to assess the 
damage done to the long-lived corals and sponges as well as the possible encroachment of 
fishing trawls into new areas containing corals and sponges.”   
 
Due to apparent confidentiality constraints, NMFS has not shared the Pacific observer bycatch 
dataset with the public.  At the September 2004 PFMC meeting, we specifically requested NMFS 
to conduct an analysis of observer data on biogenic habitat bycatch before the November 2004 
meeting so it could be incorporated into the Comprehensive Alternative.  However, this analysis 
has not been conducted by NMFS to our knowledge.  Therefore, the map showing locations of 
proposed closures based on presence of biogenic habitat may be incomplete because it does not 
incorporate data on biogenic habitat bycatch from the WCGOP.  We expect NMFS to fully 
utilize and incorporate the observer dataset on biogenic habitat bycatch to identify additional 
closure areas to the proposed alternative prior to analysis.  Since we do not have access to this 
data, we expect NMFS to conduct a point density analysis similar to what we conducted for the 
trawl survey data in the paragraphs below. 

 
Coral and sponge records from trawl surveys must be considered a conservative estimate of the 
presence of biogenic habitat.  Unfortunately, little information exists to ground-truth the 
extensive trawl survey databases with seafloor habitat.  Of the thousands of NOAA trawl survey 
hauls that have occurred through the years, only one trawl survey track has been crossed by 
known submersible dive transects.  The survey track, which occurred in 1986, was crossed by 
three dive transects on Heceta Bank in 2002 (Fig. 43).  That 1986 trawl survey haul recorded 4 
kg of an unidentified sponge species, or an estimated CPUE of 1 kg/hr. In 2002, the three dive 
transects that crossed this survey track recorded high densities of sponge of up to 167 vase 
sponges/ 100m2 (Wakefield, unpublished data).  This reflects that a coral or sponge record from 
a trawl survey is indicative of areas of biogenic habitat.  An initial focus on regions where corals 
and sponges have been documented, either from trawl surveys or other sources, is a reasonable 
approach. We recognize that there are some limitations the coral and sponge data, as the all with 
all marine and fisheries databases.  Nevertheless, given the importance and sensitivities of these 
habitats, and the recognized need to be precautionary in management decisions we developed 
what we believe is a responsible and reasonable approach to consider all available data in 
making management decisions.   
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Figure 43:  Trawl survey track crossed by Delta submersible transects on Heceta Bank 
 
An extensive database was used to determine “hotspots” where the presence of habitat-forming 
invertebrates was frequently recorded or large samples of these invertebrates occurred.   The 
database comprised records from AFSC slope and shelf trawl surveys from 1977 to 2001, 
NWFSC slope and shelf trawl surveys from 2001 to 2003, and MCBI’s database of deep-sea 
coral records.  MCBI’s database includes coral records from the California Academy of Science, 
Smithsonian Institution, MBARI, and Scripps compiled from various research cruises and 
scientific collections (Etnoyer and Morgan 2003).  For purposes of the analyses and site 
selection, only records of corals (including sea whips and sea pens) and sponges were 
considered.  Habitat-forming anemones appear to have a ubiquitous distribution (Liz Clarke, 
NWFSC, pers. com) and were excluded from the analysis.   
 
Two types of point density analyses were performed using the ArcView 9.0 Spatial Analyst 
Point Density Tool (ESRI 2004) to determine clusters of coral and sponge records.  The first 
analysis explored the density of records, with each point weighted equally.  A total of 3,691 coral 
and sponge records were used in the analysis.  For trawl survey data (3,291 records), the start 
point of the trawl was used to plot points. For other coral and sponge data (400 records from 
MCBI dataset) the sample location point was plotted.  Using a cell size of 2,000 meters and a 
search radius of 10,000 meters, the point density function outputs the mean density per kilometer 
of coral and sponge records.  The utility is to identify areas that have had numerous records of 
habitat-forming invertebrates. 
 
The second analysis explored clusters of coral and sponge records with high survey catches.  
Only trawl survey data, with associated records for catch weight and CPUE, were used in the 
analysis.  A total of 3,291 survey start points from NOAA trawl surveys from 1977-2003 were 
plotted.  This density analysis weighted the points by the rounded integer of the catch of coral or 
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sponge.  For example, a CPUE of 10 kg/km2 would be counted ten times.  The utility of this 
exercise is to identify, at least qualitatively, those areas which had documented records of high 
densities of habitat-forming invertebrates.  Both analyses were useful for identifying “hotspots” 
of records of habitat-forming invertebrates.  
 
 

 
Figure 44: Point density analysis of coral and sponge records.  The figure on the left displays 
output when all points are weighted equally.  The legend shows density of points per square 
kilometer.  The figure on the right displays output from point density analysis with points 
weighted by CPUE.  The legend shows mean CPUE per square kilometer. 
 
The point density analysis provided a focus for using documented records of coral and sponge in 
the selection and boundary determination of the areas closed to bottom trawling.  Of these 
records, 1,553 documented occurrences of coral and sponge were contained within the proposed 
closed areas (Table 43).  These locations also included the highest densities of corals and 
sponges recorded.  Of the over 16,000 kg of corals and sponges sampled during trawl surveys, 
the closed areas encompass areas where 10,000 kg of these samples were recorded.  
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Table 43:  Number of coral and sponge observations within closed bottom trawl areas 
 

Area 

Number of coral 
and sponge 

observations
1) Olympic_1 62
2) Olympic_2 18
3) Biogenic area_1 126
4) Biogenic area_2 88
5) Grays Canyon 20
6) Biogenic area_3 46
7) Astoria Canyon 101
8) Ridges_biogenic_area_5 68
9) Biogenic area_6 20
10) Biogenic area_7 83
11) Biogenic area_8 39
12) Daisy Bank 7
13) Heceta Bank 99
14) Ridges_biogenic area_9 17
15) Ridges_biogenic area_10 31
16) Hard bottom feature_1 2
17) Rogue Canyon 50
18) Biogenic area_12 35
19) Eel River Canyon 50
20) Mendocino Ridge 19
22) Biogenic area_12 40
23) Cordell Bank 28
24) Hard bottom feature_3 3
26) Monterey Bay and Canyon 336
27) Hard bottom feature_6 10
28) Biogenic area_13 22
29) Morrow ridge 89
30) Channel Islands 10
33) Cowcod conservation 
area_west 5
37) Gumdrop Seamount 1
38) Pioneer Seamount 1
40) Davidson Seamount 27
Grand Total 1553

 
 
 
Untrawlable areas 
 
The Zimmerman (2003) database includes all records from the NMFS West Coast Triennial 
Trawl Survey where major trawl net hangs were recorded.  Since these areas are considered 
unsuitable for trawling, the assumption is that these records indicate areas of high structural 
complexity, such as boulders or rock outcrops (Zimmerman, pers.com.). Trawl hangs (or 
substrate/structure that induces a trawl hang) provide habitat for juvenile fish.  A study off the 
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coast of New England determined that significantly higher densities of juvenile groundfish 
occurred in areas with records of trawl hangs (Link and Demarest 2003).  The study found that a 
buffer of 3.7 km (2 nautical miles) around these features would encompass 17-30% of juvenile 
fish.  Since most trawl net hangs are concentrated these authors recommend a methodology of 
identifying these concentrations and establishing a no-trawl buffer around them.  Other work on 
this topic suggests that such a methodology would only close 1-4% of the ocean bottom to 
trawling (Link 1997).  
 
Furthermore, it is expensive to fisherman to replace trawl gear that has been damaged or lost due 
to contact with benthic structure.  Since fishermen wish to avoid hangs, closing areas with high 
relative densities of areas known to be “untrawlable” will help avoid damage to trawl nets and 
close areas fishermen probably avoid anyway.  Therefore, the economic effects of bottom trawl 
closures based on the Zimmerman dataset are likely to be negligible. 
 
The GIS data used in the manuscript by Zimmerman (2003) was obtained and plotted in GIS.  
The GIS polygons of untrawlable areas were considered in the selection and placement of 
boundaries of the areas closed to bottom trawling.  

 
Submarine canyons  
 
Submarine canyons are known to be areas of enhanced productivity due to topographically 
induced upwelling along their axes (Freeland and Denman 1982).  For this reason, canyons show 
enhanced concentrations of macrobenthos (Haedrich et al. 1980; Sarda et al. 1994; Vetter and 
Dayton 1998), micronekton (Cartes et al. 1994; Macquart-Moulin and Patriti 1996), demersal 
fishes (Stefanescu et al. 1994), and cetaceans (Kenney and Winn 1987; Schoenherr 1991) 
relative to surrounding areas on the slope and shelf.  In the North Pacific Ocean, rockfishes in the 
genus Sebastes often inhabit the offshore edges of banks or canyons and are known to capitalize 
on advected prey resources such as euphausiids (Pereyra et al. 1969; Brodeur and Pearcy 1984; 
Chess et al. 1988; Genin et al. 1988).  Brodeur (2001) found dense aggregations of Pacific ocean 
perch (Sebastes alutus) and euphausiids associated with biogenic habitats in a Bering Sea 
submarine canyon, while areas with damaged biogenic structures had far fewer rockfish, and 
areas in the canyon without biogenic structure had no rockfish.  Therefore, submarine canyons 
provide essential habitat for groundfish that is highly vulnerable to fishing impacts.  
 
Vetter and Dayton (2001) found that submarine canyons in Southern California provide large 
quantities of food in aggregated form on the deep sea floor by acting as conduits for marine 
macrophyte production produced in the intertidal and shallow subtidal zone.  This study also 
found elevated abundance of Pacific hake and turbot in these canyons.  Starr et al. (2002) found 
evidence for site fidelity in green-spotted rockfish (S. chlorostictus) and suggested large-scale 
reserves for boccacio (S. paucispinus) at a canyon in Monterey Bay.   
 
Submarine canyons provide habitat for larger sized rockfish that seem to prefer structures of high 
relief such as boulders, vertical walls, and ridges.  Yoklavich et al. (2000) found high abundance 
of large rockfish associated with complex structural habitat in Soquel Canyon with lower size 
and abundance in fished areas.  Canyon heads are the upper, shallower portions of submarine 
canyons where coastal upwelling fronts have been shown to contain high abundance of rockfish 
larvae (Bjorkstedt 2002).  Additionally, Hooker (1999) found higher abundance of cetaceans in a 
submarine canyon known as “The Gully” off Nova Scotia relative to surrounding areas of the 
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shelf and slope.  The cover and protection offered by submarine canyons allow pockets of 
rockfish populations to flourish, in contrast to more exposed areas where the populations are 
more easily fished.  Because submarine canyons are typically upwelling zones, they often 
contain higher abundances of filter feeding invertebrates, such as corals, sponges, tunicates, and 
bryozoans, which contribute to the structural complexity of the seafloor.  
 
The deepest and largest submarine canyon on the coast of North America is the Monterey 
Canyon, just south of San Francisco, California.  This canyon is 470 km long, approximately 12 
km wide at its widest point, and has a maximum rim to floor relief of 1,700 m, making it much 
larger than Arizona’s Grand Canyon.  The largest submarine canyon in the Pacific Northwest is 
Astoria Canyon, off the mouth of the Columbia River.  Other major submarine canyons on the 
U.S. West Coast include Grays Canyon, Rogue Canyon, and Eel River Canyon, which are also 
included in this alternative.  Portions of other canyon habitats are also included in many of the 
other closed areas. 
 
Location of canyon habitat polygons from the Consolidated GIS Data, Volume 1, Physical and 
Biological Habitat data disk (PFMC 2003) were plotted in GIS to identify and determine 
boundaries of areas closed to bottom trawling. 

 
Seamounts 
 
A seamount is an area of volcanic origin rising over 1,000 meters above the surrounding 
seafloor.  Using the polygons developed by NOAA in the EFH process, we have identified 8 
seamounts in this alternative.  Recent studies conducted by the Monterey Bay Aquarium 
Research Institute on West Coast seamounts have documented unique and diverse biological 
communities.  Along the crests and slopes of several seamounts, MBARI scientists observed 
long-lived coral and sponge habitats.  DeVogelaere et al. (2003) found 24 coral taxa on Davidson 
Seamount off California and described numerous species associations, particularly that 
Paragorgia sp. were found in areas with highest species diversity.  Guyots are a type of volcanic 
seamount with a flat top or plateau.  Because the tops are flat, they may be particularly 
vulnerable to trawling due to the relative ease of setting trawl gear.  The rarity and uniqueness of 
seamount faunal communities provides strong scientific justification for a highly precautionary 
approach.  Koslow et al. (2001) conducted a survey of Tasmanian seamounts where 30% of 
species identified were new to science and 30-60% were endemic to particular seamounts.  
Seamounts provide an area of vertical relief from the relatively flat and featureless abyssal 
plain.2  As such, seamounts are sites of enriched biological activity with enhanced biomass of 
pelagic and benthic organisms relative to the surrounding waters.3  Studies indicate that 
seamounts function as deep sea islands of localized species distributions, dominated by 
suspension feeders like corals and sponges4 which can be easily damaged by fishing gear that 
makes contact with the bottom.   
 
On the U.S. West Coast, the major seamounts include Thompson Seamount (428 km2), San Juan 
Seamount (940 km2), Davidson Seamount (600 km2), Gumdrop Seamount (149 km2), Pioneer 
                                                 
2   Airame, S., S. Gaines and C. Caldow. 2003.  Ecological Linkages: Marine and Estuarine Ecosystems of Central 
and Northern California.  NOAA, National Ocean Service.  Silver Spring, MD. 164 p. 
3   Mullineaux and Mills.  1997.; Dower and Perry. 2001; Haury et. al. 2000). 
4   Monterey Bay National Marine Sanctuary, Sanctuary Integrated Monitoring Network at www.mbnms-
simon.org/sections/seamounts/overview.php 
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Seamount (295 km2), Guide Seamount (270 km2), President Jackson Seamount (986 km2), and 
Taney Seamount (978 km2).  This represents a total area of 4,639 km2 of seamounts on the west 
coast within the U.S. EEZ.  Current PACFIN data documents no trawling on any seamounts on 
the U.S. West Coast.  Therefore, there would be no economic impacts from bottom trawl 
closures that prevent future damage to these unique geological features.   
 
Location of seamounts from the Consolidated GIS Data, Volume 1, Physical and Biological 
Habitat data disk (PFMC 2003) were plotted in GIS to identify and determine boundaries of 
areas closed to bottom trawling. 
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EFH habitat types of the Areas Closed to Bottom Trawling 
 
The tables below display the area coverage of habitat types as defined by the Consolidated GIS 
Data, Volume 1, Physical and Biological Habitat data disk in the areas closed to bottom 
trawling.  The shape of all 41 areas closed to bottom trawling were clipped from the habitat 
polygons and the resulting polygon area was calculated.   The total area of all habitat types 
identified off the Pacific Coast (PFMC Region) was summed for comparison. 
 
Habitat Composition of Areas Closed to Bottom Trawling  
 
Table 44: Proportion of hard and soft substrate within proposed areas 
Substrate type 
(from EFH GIS 
data) 

Substrate type 
within closed 
areas (km2) 

Total area (km2) of 
identified substrate 
off Pacific Coast 

Percent of total 
within closed 
area 

Hard 8378 19549 42.9%
Soft 31334 222321 14.1%
(blank) 805 1254 64.1%
Grand Total 40517 243124 16.7%

 
The proposed closed areas cover 42.9% of all identified hard benthic substrate off the Pacific 
coast.  Hard substrate was a primary factor in the consideration of the boundaries of the proposed 
areas.   
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Table 45: Proportion of identified habitat types within proposed areas 

HAB_TYPE 
Habitat type within 
closed area (km2) 

Total area (km2) of 
identified habitat 
type off Pacific 
Coast 

Percent of 
identified 
habitat closed

Rocky Slope Canyon Floor 98.5 104.0 94.7%
Rocky Slope Gully 26.8 28.4 94.3%
Rocky Shelf Canyon Wall 52.7 60.0 87.9%
Sedimentary Basin Gully Floor 4.2 5.0 85.5%
Island 764.0 915.5 83.5%
Rocky Apron 1.0 1.3 77.2%
Rocky Slope Canyon Wall 281.0 405.5 69.3%
Sedimentary Shelf Gully 215.2 373.4 57.6%
Sedimentary Shelf Canyon Wall 200.6 426.6 47.0%
Rocky Slope 603.6 1297.8 46.5%
Rocky Ridge 5691.7 13038.9 43.7%
Rocky Shelf 1372.1 3160.3 43.4%
Sedimentary Glacial Shelf Deposit 390.0 1016.9 38.4%
Sedimentary Basin Canyon Floor 2.1 5.8 35.6%
Sedimentary Slope Canyon Wall 2046.9 7274.6 28.1%
Sedimentary Shelf Canyon Floor 22.4 79.8 28.0%
Sedimentary Basin Gully 2.0 8.1 24.3%
Sedimentary Basin 5494.2 27332.3 20.1%
Sedimentary Slope Gully Floor 72.3 373.1 19.4%
Sedimentary Ridge 5927.6 31664.9 18.7%
Rocky Slope Landslide 250.9 1383.0 18.1%
Sedimentary Slope Canyon Floor 940.0 5653.3 16.6%
Sedimentary Slope 8933.2 65902.6 13.6%
Sedimentary Slope Landslide 809.3 6221.7 13.0%
no data 40.6 338.8 12.0%
Sedimentary Apron Canyon Floor 38.5 338.3 11.4%
Sedimentary Shelf 5550.7 52306.2 10.6%
Sedimentary Basin Canyon Wall 1.5 18.8 7.7%
Sedimentary Slope Gully 293.6 5072.0 5.8%
Sedimentary Shelf Gully Floor 0.7 19.5 3.6%
Sedimentary Apron Canyon Wall 32.4 904.0 3.6%
Sedimentary Apron 356.7 16932.2 2.1%
Rocky Basin 0.1 49.9 0.3%
Rocky Apron Canyon Wall 0.0 15.6 0.0%
Rocky Glacial Shelf Deposit 0.0 4.1 0.0%
Sedimentary Apron Gully 0.0 2.2 0.0%
Sedimentary Apron Landslide 0.0 389.5 0.0%
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Preliminary Economic Analysis Based on Available Data 
 
Determination of Trawl Footprint  
 
The data available to us to conduct a preliminary economic analysis was limited.  We examined 
bottom trawl records of groundfish catch occurring from 2000-2003 from the PACFIN dataset 
aggregated to 10-minute blocks with species or species group resolution and excluding any 
confidential data.  A spatial resolution of 10-minute blocks was selected to ensure consistency 
with the analyses performed by Terralogic and MRAG for the Pacific Groundfish EFH EIS and 
to minimize data loss due to confidentiality. A span of years from 2000-2004 were selected to 
reflect variability in annual trawl effort and the effort under current conditions.  In 2000, a 
footrope restriction in some areas altered the distribution of trawl effort (Bellman and Heppell, in 
press).  Trawl restrictions in the Rockfish Conservation Areas also altered distribution of trawl 
effort over this period.  It should be noted that our analysis did not include analysis of pre-
existing closures and measures. With those measures taken into account, the economic impact 
will be considerably less. 

 
Rockfish Conservation Areas and Economic Analysis  
 
Some of the proposed areas closed to bottom trawling overlap the existing trawl closures within 
the Rockfish Conservation Areas (Fig.45).  However, the proposed bottom trawl closures are not 
duplicative, since bottom trawling still occurs within the RCA.  During the course of this 
analysis it was discovered that large catches of groundfish are still being reported within the 
Rockfish Conservation Area.  Nonetheless, the economic analysis and calculation of displaced 
revenue for this mitigation alternative should take into account the reduction of trawl effort 
already in place within existing trawl closures.  The present analysis does not take these closures 
into account, therefore the displaced revenue reported in Table 46 will be considerably less if 
existing closures are considered. 
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Figure 45:  Overlap of Rockfish Conservation Area with Proposed Areas 

 
 
 

Economic Analysis of Trawl Area Closures 
 
Economic analysis is an important tool in evaluating the practicability of management measures 
that mitigate adverse fishing impacts to EFH.  For this reason, it is essential that economic 
analysis of management measures reflect actual consequences as accurately as possible.  The 
following discussion is provided in the spirit of helping ensure that the economic analysis 
conducted in the EFH DEIS is as accurate as possible given the data constraints. 
 
The first decision point in economic analysis is the measurement unit of economic benefit in 
each area.  The options appear to be total hours trawled, total catch, or revenue generated in each 
block.  While the latter options may provide some useful information, the revenue generated 
appears to be the most relevant because it actually measures economic impacts in dollars.  In this 
approach, an economic value is generated for each block by multiplying the weight of catch for 
each species by the ex-vessel value of each species and summing this product for all species.  In 
other words, the economic revenue for each block in any given year is given by: 
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∑i CiVi  
 
where i is each species, Ci is the catch of species i in pounds, and Vi is the ex-vessel value per 
pound of species i.  This methodology outputs the economic revenue generated in each block and 
is more accurate than hours trawled or total catch because it takes into consideration differences 
in catch per unit effort, catch composition, and value of different species between each block. 
 
NMFS staff have made it clear thus far that economic data on trawl catches will be queried by 10 
x 10 minute block.  However, the gear-specific area closures presented in the Comprehensive 
Alternative are at a much finer scale to reflect more adequately the habitat features identified 
through the EFH process in the most practicable way.  Therefore, despite the coarse scale of the 
available economic data, every effort should be made to ensure that the displaced revenue 
calculations are based on the actual closure boundaries described in the alternative, rather than 
on the number of blocks wholly or partially encompassed by a closed area. 
 
One methodology proposed by NMFS is to analyze the alternative as if all blocks with even a 
small percentage of area in a closure become completely closed.  Since this method assumes 
closures are much larger than they actually are, the results will be systematically biased toward 
gross overestimation.  This will only serve to confuse the public and decision makers. 
 
Rather than assuming that an entire block becomes closed when there is any degree of overlap, a 
proportional approach will provide results based on the amount of area actually closed.  A 
reasonable methodology is to calculate the proportion of each 10 x 10 minute block that is 
overlapped by an area closure and estimated displaced revenue in each block by this proportion. 

 
∑i CiVi * p where p = the proportion of the block proposed closed  
 

The implicit assumption behind this approach is that revenue is generated equivalently 
throughout each area.  In fact, even this assumption is likely to bias results toward 
overestimation simply because the closed areas within each block are focused on rocky, hard, 
biogenic, and complex substrate habitat, which are areas likely to have lower relative trawl effort 
than nearby areas within the block.  For example, Bellman and Heppell (in press) found that 
trawl footrope restrictions displaced trawl effort out of areas of rocky, complex substrate.  
Therefore, it is likely that a formal area closure based on complex, sensitive substrate will cause 
less displaced revenue than if trawl effort were evenly distributed throughout each block.  Thus, 
estimates of displaced effort using a proportional approach may be the best way to analyze data 
aggregated by 10 x 10 block, but they should be seen as “worst-case scenarios” because of the 
implicit assumptions (Table 46).  
 
A further way to improve the economic analysis is to obtain data at a finer scale than 10 x 10 
minutes.  Vessel monitoring systems currently in place for trawl vessels have the ability to show 
trawl tracks at a much higher precision than logbook or fish ticket data.  For example, Drouin 
(2001) found that VMS systems could more accurately show fishing locations in relation to area 
closures in the Bering Sea, where NMFS had previously been unable to track vessels with such 
precision.  Incorporating VMS data to improve the spatial resolution of the economic analysis 
will greatly improve the validity of the results. 
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Our estimates almost surely overestimate the economic consequences by assuming that revenue 
from a closed area would be foregone.  Because of this, and the spatial scale of the economic 
data used in the analyses, the preliminary economic estimates are almost certainty biased 
upward.  More refined analyses would result in more accurate and smaller amounts.  Finally, we 
must all recognize that economic analyses of fisheries management measures must include not 
only considerations of the short-term costs, but also of the long-term benefits of protecting 
important habitats.  While we have not attempted to do so in our economic analysis, we expect 
that the Council and agency will ensure that such analyses are included in the public Draft EFH 
EIS. 
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Table 46:  Estimated annual displaced bottom trawl revenue (ex-vessel value in dollars) of 
closed areas using total block method and proportional closure method.   

  Area 

Displaced Revenue determined 
by summation of all 10x10 
aggregated fishing effort blocks 
that contact closed area 
regardless of degree of overlap 

Displaced Revenue 
determined by proportional 
overlap of closed area with 
10x10 minute aggregated 
fishing effort block 

1 Olympic_1 1,662,559 829,413 
2 Olympic_2 1,414,201 541,740 
3 Biogenic area_1 200,763 119,392 
4 Biogenic area_2 89,908 11,131 
5 Grays Canyon 207,042 58,735 
6 Biogenic area_3 confidential confidential 
7 Astoria Canyon 740,918 462,042 
8 Ridges_biogenic_area_5 571,842 168,824 
9 Biogenic area_6 41,779 9,278 

10 Biogenic area_7 385,379 74,219 
11 Biogenic area_8 100,377 18,980 
12 Daisy Bank 143,262 11,514 
13 Heceta Bank 654,137 349,105 
14 Ridges_biogenic area_9 58,791 13,200 
15 Ridges_biogenic area_10 240,080 39,830 
16 Hard bottom feature_1 146,155 14,081 
17 Rogue Canyon 779,441 278,924 
18 Biogenic area_11 83,151 6,262 
19 Eel River Canyon 943,159 622,250 
20 Mendocino Ridge 482,048 282,791 
21 Hard bottom feature_2 253,206 44,469 
22 Biogenic area_12 230,710 60,066 
23 Cordell Bank 405,821 138,984 
24 Hard bottom feature_3 102,054 4,364 
25 Hard bottom feature_4 251,224 38,892 
26 Monterey Bay and Canyon 598,445 456,398 
27 Hard bottom feature_5 40,468 3,158 
28 Biogenic area_13 240,462 12,483 
29 Morrow ridge 382,100 117,308 
30 Channel Islands 58,061 16,593 
31 Cowcod conservation area_west confidential confidential
32 Hard bottom feature_6 43,562 2,986 
33 Cowcod conservation area_east 0 0 
34 Thompson Seamount 0 0 
35 President Jackson Seamount 0 0 
36 Taney Seamount 0 0 
37 Gumdrop Seamount 0 0 
38 Pioneer Seamount confidential confidential 
39 Guide Seamount confidential confidential 
40 Davidson Seamount 0 0 
41 San Juan Seamount 0 0 
 Total w/out confidential data 11,551,105 4,807,410 
 Grand Total 11,563,141 4,810,730 



 29

Table 47:  Total Pacific Coast Bottom Trawl Fleet catches and ex-vessel revenue 2000-2003 
 
Pacific Coast Bottom Trawl Fleet catches and ex-vessel revenue 2000-
2003 
          YEAR 
Species Data Aggregation 2000 2001 2002 2003
Arrowtooth Flounder Landed weight (lbs) 7,170,535 5,425,216 4,582,835 5,103,482
  Exvessel revenue 831,860 648,699 498,703 554,443
Flatfish Landed weight (lbs) 8,354,981 8,481,175 7,741,412 8,057,403
  Exvessel revenue 2,580,275 2,885,416 2,768,998 2,695,104
Dover Sole/ 
Thornyhead/ 
Sablefish (DTS) Landed weight (lbs) 29,553,603 23,842,889 22,506,474 25,802,494
  Exvessel revenue 18,170,505 15,409,466 13,763,840 15,335,537
Petrale Sole Landed weight (lbs) 4,155,603 4,036,024 3,936,352 4,394,213
  Exvessel revenue 4,215,263 4,045,334 3,606,273 4,374,169
Shelf Rock Landed weight (lbs) 1,518,322 1,313,795 1,374,925 735,935
  Exvessel revenue 755,398 632,278 640,293 277,546
Slope Rock Landed weight (lbs) 2,220,702 2,110,762 1,858,987 1,532,948
  Exvessel revenue 846,602 804,769 752,806 556,636
Nearshore Rock Landed weight (lbs) 6,854 7,037 11,621 4,408
  Exvessel revenue 6,046 8,136 14,438 3,518
Other Groundfish Landed weight (lbs) 221,850 238,368 313,064 327,130
  Exvessel revenue 141,014 161,835 224,873 169,197
Pacific Cod Landed weight (lbs) 608,042 706,417 1,650,161 2,739,199
  Exvessel revenue 286,320 355,598 840,080 1,421,739
Total Landed weight 
(lbs)   53,810,492 46,161,683 43,975,831 48,697,212
Total Exvessel 
revenue   27,833,283 24,951,531 23,110,305 25,387,890
       
source: Merrick 
Burden, NOAA      
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Conclusion 
  
As a steward for public resources, the Fisheries Service has an obligation to conserve, protect, 
and manage living marine resources responsibly.  In the Sustainable Fisheries Act of 1996, 
Congress amended the federal statute governing fishing in the waters off of America’s coasts by 
adding conservation provisions.  The Magnuson Stevens Act requires that the Fisheries Service 
describe and identify Essential Fish Habitat, and minimize the adverse effects of fishing on that 
habitat to the extent practicable.  It was the Fisheries Service’s failure to comply with that 
obligation that resulted in a court order to prepare the EFH EIS now in progress.  The Court 
emphasized that the "[m]ost significant[]" defect in the challenged documents was that "they fail 
to consider all relevant and feasible alternative."  In particular, the Court noted, “There is no 
substantive discussion of how fishing practices and gear may damage corals, disrupt fish habitat, 
and destroy benthic life that helps support healthy fish populations.”  American Oceans 
Campaign v. Daley, 183 F.Supp. 2d 1, 20 (D.C.C. 2000).   
  
With input from a broad coalition of conservation organizations, recreational fishermen, and 
commercial fishermen, and based on all of the information we have available to us, we have 
developed a viable and practicable management alternative for the Pacific.  This Comprehensive 
Alternative recognizes both the importance of corals, sponges, and other sensitive habitats as 
essential fish habitat, and the importance of maintaining healthy vibrant fisheries in the Pacific.  
We request the agency and Council adopt this Comprehensive Alternative as the preferred 
alternative in the Final EIS.  
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APPENDIX 1:  Description of individual areas 
 
The following figures display the GIS data layers that were used in the identification and 
boundary placement for each of the areas closed to bottom trawling.  The tables reflect the 
number of habitat polygons and area of each habitat type wholly and in part within the 
boundaries of the area in question. 
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1)  Olympic_1 
 
The areas Olympic_1 and Olympic_2 encompass a portion of the Olympic National Marine 
Sanctuary. The five National Marine Sanctuaries on the U.S. west coast are “underwater parks” 
that “embrace part of our collective riches as a nation” (NOAA pamphlet).  They were initially 
designated based on their biological importance and are clearly areas in the ocean deserving of 
special protection.  The area defined as Olympic_1 contains the site of a rare discovery of 
Lophelia pertusa that represents one of the only discoveries of this reef-forming deep sea coral 
species in the Pacific Ocean.  Both areas contain a high density of “untrawlable” areas as defined 
in the Zimmerman (2003) dataset.  There are also numerous records of deep sea corals, including 
gorgonian corals, and sponges in this area from trawl survey records and the MCBI dataset. 

 
Figure 1:  Criterion used in determination of Olympic_1 area closed to bottom trawling  
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Table 1:  Habitat types protected by Olympic_1 closed area, determined from EFH GIS data 
HAB_TYPE* Count_polygons Area (km2) 
Sedimentary Slope 5 331.4
Sedimentary Shelf 7 189.2
Sedimentary Slope Canyon Wall 5 97.7
Sedimentary Slope Canyon Floor 3 72.1
Sedimentary Shelf Canyon Wall 7 10.9
Sedimentary Shelf Canyon Floor 1 0.1
Grand Total 28 701.4

 
* Note: Habitat polygons as defined by the EFH GIS data in the Olympic Marine Sanctuary area 
are questionable.  Localized multibeam mapping of the area was not integrated into the EFH 
habitat map, possibly due to compatibility of data (Steve Intelmann, GIS analyst, Olympic 
Marine Sanctuary, pers. com.).  As a result, the EFH habitat polygons show an area known to 
contain pinnacles and high relief, rocky habitat displayed as “sedimentary shelf” (Steve 
Intelmann, pers. com.).   In addition, Zimmerman (2003) showed a large proportion of the area to 
be untrawlable.
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2) Olympic_2 
 
Figure 2:  Criterion used in determination of Olympic_2 area closed to bottom trawling 

 
 
Table 2:  Habitat types protected by Olympic_2 closed area, determined from EFH GIS data 
HAB_TYPE* Count_polygons Area (km2) 
Sedimentary Glacial Shelf Deposit 8 390.0
Sedimentary Shelf Gully 2 215.0
Sedimentary Shelf 5 155.0
Grand Total 15 760.0

 
*note-Habitat polygons as defined by the EFH GIS data in the Olympic Marine Sanctuary area 
are questionable.  Localized multibeam mapping of the area was not integrated into the EFH 
habitat map, possibly due to compatibility of data (Steve Intelmann, GIS analyst, Olympic 
Marine Sanctuary, pers. com.).  As a result, the EFH habitat polygons show an area known to 
contain pinnacles and high relief, rocky habitat displayed as “sedimentary shelf” (Steve 
Intelmann, pers. com.) .   In addition, Zimmerman (2003) showed a large proportion of the area 
to be untrawlable. 
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3)  Biogenic Area_1 
 
This area, located off the slope and outside of Olympic Marine Sanctuary, contains deep-water 
biogenic habitat.  The area encompasses 126 records of coral and sponge.  While the number of 
documented records of corals and sponges has increased over the years, the CPUE of corals and 
sponges has decreased since 1992.    
 
Figure 3: Criterion used in determination of Biogenic Area_1 area closed to bottom trawling 

 
 
Table 3:  Habitat types protected by Biogenic Area_1 closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 1 401.5
Sedimentary Slope Canyon 
Wall 6 273.9
Sedimentary Basin 3 43.6
Sedimentary Slope Canyon 
Floor 3 20.4
Sedimentary Slope Gully 2 11.6
Grand Total 15 751.1
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4)  Biogenic Area_2 
 
Figure 4: Criterion used in determination of Biogenic Area_2 area closed to bottom trawling 

 
 
Table 4:  Habitat types protected by Biogenic Area_2 closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 1 93.2
Sedimentary Slope Canyon Wall 1 23.7
Grand Total 2 117.0
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5)  Grays Canyon 
This site is known to have high upwelling and to be one of the most productive offshore sites off 
the Washington coast.  It is also the site of major ecotourism and birdwatching operations. 
 
Figure 5: Criterion used in determination of Grays Canyon area closed to bottom trawling 

 
 
Table 5:  Habitat types protected by Grays Canyon closed area, determined from EFH GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Shelf 2 90.3
Sedimentary Shelf Canyon Wall 3 55.4
Sedimentary Slope Canyon Wall 2 34.5
Sedimentary Slope 5 19.4
Sedimentary Shelf Canyon Floor 1 6.8
Grand Total 13 206.3
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6)  Biogenic Area_3 
 
Figure 6: Criterion used in determination of Biogenic Area_3 area closed to bottom trawling 

 
 
 
Table 6:  Habitat types protected by Biogenic Area_3 closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 1 91.2
Grand Total 1 91.2
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7)  Astoria Canyon 
 
The largest submarine canyon in the Pacific Northwest is Astoria Canyon, off the mouth of the 
Columbia River.  This canyon contains a range of habitat types from sedimentary slopes to hard 
rock canyon walls.  There are many records of biogenic habitats in this canyon (Clarke 2004, 
Etnoyer & Morgan 2003).  Within the proposed Astoria Canyon closed area, 101 deep-sea coral 
and sponge records have been documented.  This canyon has also been studied using ROPOS 
submersibles. 

 
Figure 7: Criterion used in determination of Astoria Canyon area closed to bottom trawling 
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Table 7:  Habitat types protected by Astoria Canyon closed area, determined from EFH GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 24 412.9 
Sedimentary Slope Canyon Wall 104 193.3 
Sedimentary Slope Canyon Floor 9 159.6 
Sedimentary Ridge 36 105.6 
Rocky Slope Canyon Wall 56 63.7 
Sedimentary Shelf Canyon Wall 13 49.6 
Sedimentary Shelf 12 35.2 
Sedimentary Basin 10 24.5 
Rocky Ridge 8 22.8 
Rocky Slope 47 21.9 
Sedimentary Shelf Canyon Floor 1 14.5 
Sedimentary Slope Landslide 10 11.9 
Rocky Slope Landslide 2 8.3 
Rocky Slope Canyon Floor 22 3.3 
Rocky Basin 2 0.0 
Grand Total 356 1127.1 
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8)  Ridges_Biogenic Area_5 
 
Figure 8: Criterion used in determination of Ridges_biogenic_area_5 area closed to bottom 
trawling 

 
 
 
Table 8:  Habitat types protected by Ridges_biogenic_area_5 closed area, determined from EFH 
GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Ridge 30 179.8
Rocky Ridge 105 76.8
Sedimentary Slope 3 29.2
Sedimentary Shelf 1 15.9
Sedimentary Basin 3 13.4
Rocky Slope 12 0.6
Rocky Basin 2 0.1
Rocky Shelf 3 0.1
Grand Total 159 315.8
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9)  Biogenic Area_6 
 
Figure 9: Criterion used in determination of Biogenic area_6 area closed to bottom trawling 

 
 
 
 
Table 9:  Habitat types protected by Biogenic area_6 closed area, determined from EFH GIS 
data 
 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 1 53.8
Grand Total 1 53.8
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10)  Biogenic Area_7 
 
Figure 10: Criterion used in determination of Biogenic area_7 area closed to bottom trawling 

 
 
 
Table 10:  Habitat types protected by Biogenic area_7 closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 1 195.2
Sedimentary Ridge 2 35.5
Grand Total 3 230.7
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11)  Biogenic Area_8 
 
Figure 11: Criterion used in determination of Biogenic_area_8 area closed to bottom trawling 

 
 
Table 11:  Habitat types protected by Biogenic_area_8 closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 1 71.5
Sedimentary Ridge 4 16.5
Rocky Ridge 11 3.8
Rocky Slope 10 0.2
Grand Total 26 92.1

 



 45

12)  Daisy Bank 
 
Daisy Bank, north of Heceta Bank, has been less heavily fished and is also comprised largely of 
hard bottom habitat.  Hixon (1991) documented large sponge beds on this bank.  Daisy Bank has 
been likened to the “Sitka Pinnacles (a biodiverse MPA in Alaska) of the Pacific Northwest” 
(Hixon, pers. com.). 

 
Figure 12: Criterion used in determination of Daisy Bank area closed to bottom trawling 

 
 
 
Table 12:  Habitat types protected by Daisy Bank closed area, determined from EFH GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 12 37.8
Rocky Ridge 15 11.6
Rocky Slope 30 8.9
Sedimentary Ridge 6 7.6
Grand Total 63 65.9
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13)  Heceta Bank 
 
Heceta Bank is the largest rocky reef in the Pacific northwest.  This large bank off the coast of 
central Oregon is largely comprised of hard bottom substrate.  Recent explorations have 
documented key areas of sponges and crinoids.  Wakefield (unpublished data) discovered high 
abundances of crinoids and sponges creating biogenic habitat for groundfish in some areas of 
Heceta Bank.   

 
Figure 13: Criterion used in determination of Heceta Bank area closed to bottom trawling 

 
 

 



 47

Table 13:  Habitat types protected by Heceta Bank closed area, determined from EFH GIS data 
HAB_TYPE Count_polygons Area (km2) 
Rocky Shelf 39 429.3
Sedimentary Slope 22 266.7
Sedimentary Shelf 4 216.0
Sedimentary Slope Landslide 70 116.0
Rocky Slope Landslide 50 59.1
Rocky Slope 117 51.4
Rocky Ridge 5 9.1
Rocky Slope Canyon Wall 3 6.2
Sedimentary Ridge 13 4.5
Sedimentary Slope Canyon Floor 1 2.8
Sedimentary Slope Canyon Wall 16 1.8
Rocky Slope Canyon Floor 11 0.1
Grand Total 351 1163.0
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14)  Ridges_Biogenic Area_9 
 
Figure 14: Criterion used in determination of Ridges_biogenic_area_9 area closed to bottom 
trawling 

 
 
 
Table 14:  Habitat types protected by Ridges_biogenic_area_9 closed area, determined from 
EFH GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope Landslide 48 96.2
Rocky Slope Landslide 45 56.3
Sedimentary Slope 3 40.1
Rocky Slope 39 6.1
Grand Total 135 198.8
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15)  Ridges_Biogenic Area_10 
 
Figure 15: Criterion used in determination of Ridges_biogenic_area_10 area closed to bottom 
trawling 

 
 
 
Table 15:  Habitat types protected by Ridges_biogenic_area_10 closed area, determined from 
EFH GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Ridge 7 62.1
Sedimentary Slope 1 56.1
Rocky Ridge 30 16.2
Sedimentary Basin 1 5.7
Rocky Slope 6 0.7
Sedimentary Slope Landslide 1 0.5
Grand Total 46 141.3
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16)  Hard Bottom Feature_1 
 
Figure 16: Criterion used in determination of Hard bottom feature_1 area closed to bottom 
trawling 

 
 
 
Table 16:  Habitat types protected by Hard bottom feature_1 closed area, determined from EFH 
GIS data 
HAB_TYPE Count_polygons Area (km2) 
Rocky Shelf 18 211.6
Sedimentary Shelf 8 171.1
Rocky Slope 1 24.8
Sedimentary Slope 2 22.0
Grand Total 29 429.5
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17)  Rogue Canyon 
 
This submarine canyon contains high amounts of hard substrate (NOAA), a high relative density 
of megafaunal invertebrate records, and is known for its large canyon walls and ridges. 

 
Figure 17: Criterion used in determination of Rogue Canyon area closed to bottom trawling 
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Table 17:  Habitat types protected by Rogue Canyon closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope Landslide 77 545.2
Sedimentary Slope Canyon Wall 350 273.4
Rocky Slope Canyon Wall 171 126.3
Rocky Slope Landslide 241 123.3
Sedimentary Slope 6 95.3
Rocky Slope Canyon Floor 138 88.8
Sedimentary Slope Canyon Floor 48 61.4
Sedimentary Shelf 4 18.3
Sedimentary Shelf Canyon Wall 21 2.2
Rocky Slope 18 1.5
Rocky Shelf 5 0.9
Rocky Shelf Canyon Wall 1 0.2
Grand Total 1080 1336.7
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18)  Biogenic Area_11 
 
Figure 18: Criterion used in determination of Biogenic area_11 area closed to bottom trawling 

 
 
 
 
Table 18:  Habitat types protected by Biogenic area_11 closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 1 48.5
Sedimentary Slope Canyon Wall 3 12.3
Sedimentary Slope Canyon Floor 1 9.2
Grand Total 5 70.1
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19)  Eel River Canyon 
 
Figure 19: Criterion used in determination of Eel River Canyon area closed to bottom trawling 

 
 
 
Table 19:  Habitat types protected by Eel River Canyon closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 3 461.8
Sedimentary Slope Canyon Wall 7 146.6
Sedimentary Slope Gully 2 137.3
Sedimentary Slope Canyon Floor 5 89.6
Sedimentary Shelf 1 62.5
Sedimentary Apron 1 9.4
Rocky Ridge 3 5.8
Sedimentary Apron Canyon Floor 1 3.7
Grand Total 23 916.7
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20)  Mendocino Ridge 
 
Mendocino Ridge, also known as the Gorda Escarpment, is a large underwater ridge running east 
to west separating two major marine ecological provinces.  

  
Figure 20: Criterion used in determination of Mendocino Ridge area closed to bottom trawling 

 
 

Table 20:  Habitat types protected by Mendocino Ridge closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Rocky Ridge 1 909.4
Sedimentary Shelf 24 194.9
Sedimentary Slope Canyon Floor 5 192.5
Sedimentary Slope Canyon Wall 2 182.5
Sedimentary Slope 7 123.3
Sedimentary Apron 3 114.0
Rocky Shelf 5 3.3
Sedimentary Apron Canyon Floor 2 1.8
Grand Total 49 1721.7
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21)  Hard Bottom Feature_2 
 
Figure 21: Criterion used in determination of Hard bottom feature_2 area closed to bottom 
trawling 

 
 
 
Table 21:  Habitat types protected by Hard bottom feature_2 closed area, determined from EFH 
GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Shelf 254 70.0
Rocky Shelf 1054 18.1
Grand Total 1308 88.0
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22)  Biogenic Area_12 
 
Figure 22: Criterion used in determination of Biogenic area_12 area closed to bottom trawling 

 
 
Table 22:  Habitat types protected by Biogenic area_12 closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 1 179.2
Sedimentary Shelf 3 5.9
Rocky Shelf 8 3.3
Grand Total 12 188.3
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23)  Cordell Bank 
 
Cordell Bank is an underwater island surrounded by deep water on three sides.  At depths 
between 35 m and 50 m, the rocky habitats are carpeted with sponges, ascidians, hydrocorals, 
anemones, and sea stars.  Fed by the productive currents, this seafloor habitat creates complex 
living structures for juvenile rockfish, lingcod, and many species of adult rockfish. 
 
Designated as a national marine sanctuary in 1989, Cordell Bank is one of the most productive 
offshore areas in the United States.  The combination of the California current, upwelling of 
nutrient rich ocean waters and the topography of the area provides for a flourishing ecosystem.  
This area is thickly covered by sponges, anemones, hydrocorals, and other invertebrates.  It also 
hosts 180 species of fish, providing spawning habitat for lingcod.  Finally this area hosts twenty 
six resident and migratory species of marine mammals.5   

 
Figure 23: Criterion used in determination of Cordell Bank area closed to bottom trawling 

 
 

                                                 
5   Cordell Bank State of the Sanctuary Report.  http://sanctuaries.nos.noaa.gov/oms/omscordell/omscordell.html 
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Table 23:  Habitat types protected by Cordell Bank closed area, determined from EFH GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Shelf 1 832.5
Sedimentary Slope 1 468.8
Rocky Shelf 3 63.3
Sedimentary Slope Canyon Floor 1 5.5
Grand Total 6 1370.1
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24)  Hard Bottom Feature_3 
 
Figure 24: Criterion used in determination of Hard bottom feature_3 area closed to bottom 
trawling 

 
 
 
Table 24:  Habitat types protected by Hard bottom feature_3 closed area, determined from EFH 
GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Shelf 36 23.2
Rocky Shelf 24 15.5
Island 7 0.4
Sedimentary Shelf Gully 21 0.2
Grand Total 88 39.3
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25)  Hard Bottom Feature_4 
 
Figure 25: Criterion used in determination of Hard bottom feature_4 area closed to bottom 
trawling 

 
 
Table 25:  Habitat types protected by Hard bottom feature_4 closed area, determined from EFH 
GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Shelf 318 100.7
Rocky Shelf 462 69.6
Grand Total 780 170.2
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26)  Monterey Bay and Monterey Canyon 
 
The deepest and largest submarine canyon on the coast of North America is the Monterey 
Canyon, just south of San Francisco, California.  This canyon is 470 km long, approximately 12 
km wide at its widest point, and has a maximum rim to floor relief of 1,700 m, making it much 
larger than Arizona’s Grand Canyon.   
 
Monterey Bay and Canyon are part of the Monterey Bay National Marine Sanctuary designated 
in 1992.  These areas contain a rich array of habitats from rugged rocky shores and lush kelp 
forests and one of the largest underwater canyons in North America.  The sanctuary supports 
thirty three species of marine mammals, ninety-four species of seabirds, 345 species of fish, four 
species of sea turtles and thousands of species of invertebrates.6 
 
Figure 26: Criterion used in determination of Monterey Bay and Canyon area closed to bottom 
trawling 

 
 
 

                                                 
6 State of the Sanctuary Report.  Monterey Bay National Marine Sanctuary.  http://www.mbnms.nos.noaa.gov 
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Table 26:  Habitat types protected by Monterey Bay and Canyon closed area, determined from 
EFH GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 23 1063.4
Sedimentary Shelf 487 930.1
Sedimentary Slope Canyon Wall 55 696.2
Sedimentary Slope Canyon Floor 5 276.2
Rocky Shelf 1565 169.9
Sedimentary Slope Gully 13 82.5
Sedimentary Shelf Canyon Wall 31 76.8
Sedimentary Slope Gully Floor 35 69.1
Rocky Slope Canyon Wall 26 61.0
Rocky Shelf Canyon Wall 38 52.5
Sedimentary Apron Canyon Wall 1 32.4
Sedimentary Slope Landslide 12 30.7
Rocky Slope 13 27.9
Rocky Slope Landslide 3 3.9
Sedimentary Shelf Canyon Floor 7 1.0
Rocky Slope Gully 53 0.8
Island 49 0.5
Sedimentary Apron 1 0.4
Grand Total 2417 3575.5
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27)  Hard Bottom Feature_5 
 
Figure 27: Criterion used in determination of Hard bottom feature_5 area closed to bottom 
trawling 

 
 
 
Table 27:  Habitat types protected by Hard bottom feature_5 closed area, determined from EFH 
GIS data 
HAB_TYPE Count_polygons Area (km2) 
Rocky Ridge 2 36.5
Sedimentary Slope 1 23.9
Sedimentary Slope Gully Floor 1 1.6
Sedimentary Slope Gully 1 0.5
Grand Total 5 62.6
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28)  Biogenic Area_13 
 
Figure 28: Criterion used in determination of Biogenic area_13 area closed to bottom trawling 

 
 
Table 28:  Habitat types protected by Biogenic area_13 closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 1 24.6
Rocky Slope 4 1.0
Sedimentary Shelf 1 0.1
Grand Total 6 25.7
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29)  Morro Ridge 
 
Morro Ridge is a long ridge of hard substrate off the Central California coast.  It contains 
numerous records of megafaunal invertebrates from NOAA.   

 
Figure 29: Criterion used in determination of Morro Ridge area closed to bottom trawling 

 
 
 
Table 29:  Habitat types protected by Morro Ridge closed area, determined from EFH GIS data 
HAB_TYPE Count_polygons Area (km2) 
Rocky Ridge 1 2111.6
Sedimentary Slope 2 1190.9
Rocky Slope 2 39.0
no data 1 28.6
Grand Total 6 3370.1
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30)  Channel Islands 
 
The Channel Islands National Marine Sanctuary contains numerous records of biogenic habitat, 
particularly gorgonian corals and sponges.  It is located at the meeting point between two major 
oceanographic currents, and therefore has a relatively high diversity of marine life from both 
tropical and temperate marine ecosystems.   

 
Figure 30: Criterion used in determination of Channel Islands area closed to bottom trawling 
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Table 30:  Habitat types protected by Channel Islands closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Shelf 3 1805.1
Sedimentary Slope 7 796.6
Island 10 506.8
Sedimentary Basin 3 372.0
Rocky Shelf 13 99.9
Rocky Slope 3 95.9
Sedimentary Slope Canyon Wall 2 35.7
Sedimentary Slope Canyon Floor 1 21.5
Rocky Ridge 4 18.3
no data 2 11.6
Sedimentary Ridge 1 10.9
Sedimentary Shelf Canyon Wall 1 5.7
Grand Total 50 3780.1
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31)  Cowcod Conservation Areas 
The Cowcod Conservation Areas were established in 2001 to help protect and rebuild cowcod 
stocks which have been driven down by eighty nine to ninety six percent of unfished levels.   
These areas contain hard bottom habitats including a number of offshore banks.7  These areas 
also have documented occurrences of black corals.8  Finally, these areas are extremely important 
for restoring depleted cowcod.  Cowcod is a long lived species with low productivity requiring 
almost a century to rebuild the population.9  Due to the low levels of allowable mortality 
necessary to rebuild cowcod, the primary rebuilding strategy is avoidance.10   

 
Figure 31: Criterion used in determination of Cowcod conservation area_west area closed to 
bottom trawling 

 

 

                                                 
7   Analysis provided by NMFS for the EIS Oversight Committee in Portland, OR on August 16-18, 2004. 
8   Preliminary Report on Occurences of Structiure-Forming Megafaunal Invertebrates off the West Coast of 
Washington, Oregon and California.  Northwest Fishery Science Center.  August 2004. 
9   Final Environmental Impact Statement for Amendment 16-3 to the Pacific Coast Groundfish Fishery 
Management Plans for Bocaccio, Cowcod, Widow rockfish and Yelloweye Rockfish.  July 2004.  Pacific Fishery 
Management Council.  at p. 63. 
10   Id. at 45. 
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Table 31:  Habitat types protected by Cowcod conservation area_west closed area, determined 
from EFH GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Ridge 7 4935.0
Sedimentary Basin 6 4841.3
Sedimentary Slope 5 1701.2
Rocky Ridge 19 918.0
Sedimentary Shelf 27 632.7
Sedimentary Slope Canyon Wall 2 75.2
Rocky Slope 6 74.4
Island 3 62.4
Rocky Shelf 17 37.6
Sedimentary Slope Canyon Floor 2 27.0
Rocky Slope Gully 4 26.0
Rocky Slope Canyon Wall 1 8.9
Sedimentary Shelf Gully Floor 43 0.7
no data 1 0.4
Grand Total 143 13340.7
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32)  Hard Bottom Feature_6 
 
Figure 32: Criterion used in determination of Hard bottom feature_6 area closed to bottom 
trawling 
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Table 32:  Habitat types protected by Hard bottom feature_6 closed area, determined from EFH 
GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 3 407.1
Rocky Shelf 82 249.8
Rocky Slope 10 249.1
Island 1 194.0
Sedimentary Basin 3 181.8
Sedimentary Ridge 2 52.7
Rocky Slope Canyon Wall 2 15.0
Sedimentary Slope Gully 2 11.6
Rocky Slope Canyon Floor 1 6.4
Sedimentary Basin Gully Floor 9 4.2
Sedimentary Shelf 4 2.2
Sedimentary Basin Canyon Floor 1 2.1
Sedimentary Basin Gully 4 2.0
Sedimentary Slope Canyon Floor 2 1.6
Sedimentary Slope Gully Floor 11 1.5
Sedimentary Basin Canyon Wall 2 1.5
Sedimentary Slope Canyon Wall 1 0.1
no data 2 0.0
Sedimentary Shelf Gully 1 0.0
Rocky Ridge 1 0.0
Grand Total 144 1382.6
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33)  Cowcod Conservation Areas_East 
 
Figure 33: Criterion used in determination of Cowcod conservation area_east area closed to 
bottom trawling 

 
 
 
Table 33:  Habitat types protected by Cowcod conservation area_east closed area, determined 
from EFH GIS data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Ridge 1 366.2
Sedimentary Basin 1 11.9
Rocky Ridge 1 0.0
Grand Total 3 378.1
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34-41)  Seamounts 
 
34)  Thompson Seamount 
 
Figure 34: Criterion used in determination of Thompson Seamount area closed to bottom 
trawling 
 

 
 
 
Table 34:  Habitat types protected by Thompson Seamount closed area, determined from EFH 
GIS data 
HAB_TYPE Count_polygons Area (km2) 
No data n/a 428.2
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35) President Jackson Seamount 
 
Figure 35: Criterion used in determination of President Jackson Seamount area closed to bottom 
trawling 

 
 
 
Table 35:  Habitat types protected by President Jackson Seamount closed area, determined from 
EFH GIS data 
HAB_TYPE Count_polygons Area (km2) 
No data n/a 986.3
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36)  Taney Seamount 
 
Figure 36: Criterion used in determination of Taney Seamount area closed to bottom trawling 

 
 
 
Table 36:  Habitat types protected by Taney Seamount closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
No data n/a 978.7
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37) Gumdrop, (38) Pioneer and (39) Guide Seamount 
 
Figure 37: Criterion used in determination of Gumdrop, Pioneer and Guide Seamount area 
closed to bottom trawling 

 
 
 
Table 37:  Habitat types protected by Gumdrop Seamount closed area, determined from EFH 
GIS data 
HAB_TYPE Count_polygons Area (km2) 
Rocky Ridge 1 79.1
Sedimentary Slope 1 61.2
Sedimentary Slope Gully 1 8.9
Sedimentary Slope Canyon Floor 1 0.4
Grand Total 4 149.5
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Table 38:  Habitat types protected by Pioneer Seamount closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Slope 2 127.4
Rocky Ridge 1 125.7
Sedimentary Slope Gully 2 37.8
Sedimentary Slope Landslide 1 4.3
Sedimentary Slope Canyon Wall 1 0.0
Grand Total 7 295.3

 
Table 39:  Habitat types protected by Guide Seamount closed area, determined from EFH GIS 
data 
HAB_TYPE Count_polygons Area (km2) 
Sedimentary Ridge 5 130.2
Rocky Ridge 1 95.0
Sedimentary Slope 2 37.7
Sedimentary Slope Landslide 1 4.4
Sedimentary Slope Gully 1 3.3
Rocky Slope 1 0.0
Grand Total 11 270.6
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40)  Davidson Seamount  
 
Figure 40: Criterion used in determination of Davidson Seamount area closed to bottom 
trawling 

 
 
 
Table 40:  Habitat types protected by Davidson Seamount closed area, determined from EFH 
GIS data 
HAB_TYPE Count_polygons Area (km2) 
Rocky Ridge 7 446.7
Sedimentary Apron 4 97.7
Sedimentary Apron Canyon Floor 1 33.1
Sedimentary Ridge 15 21.0
Rocky Apron 2 1.0
Grand Total 29 599.5
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41)  San Juan Seamount 
 
Figure 41: Criterion used in determination of San Juan Seamount area closed to bottom trawling 

 
 
 
Table 41:  Habitat types protected by San Juan Seamount closed area, determined from EFH 
GIS data 
HAB_TYPE Count_polygons Area (km2) 
Rocky Ridge 1 805.2
Sedimentary Apron 1 135.2
Grand Total 2 940.4

 



 81

Bibliography of 231 References on the Identification and Protection of Essential Fish 
Habitat  

 
Compiled by Geoff Shester for   

Regional Marine Conservation Program 
October 26, 2004 

 
1. Anderson, O. F. and M. R. Clark (2003). Analysis of bycatch in the fishery for orange roughy, Hoplostethus 

atlanticus, on the South Tasman Rise. Marine Freshwater Research 54: 643-652. 
2. Andrews, A. H., L. A. Kerr, G. M. Cailliet and K. H. Coale (2003). Determining the age and growth of three 

species of deep-sea coral from the Davidson Seamount off Central California. Second International 
Symposium on Deep Sea Corals, Erlangen, Germany. 

3. Ardizzone, G. D. and P. Pelusi (1983). Regression of a Tyrrhenian Posidonia oceanica prairie exposed to 
nearshore trawling. Rapports et Proces-Verbaux des Reunions Conseil International pour l'Exploration 
Scientifique de la Mer Mediterranee. 28(3): 175-177. 

4. Ardizzone, G. D., P. Tucci, A. Somaschini and A. Belluscio (2000). Is bottom trawling partly responsible for 
the regression of Posidonia oceanica meadows in the Mediterranean Sea? Effects of fishing on non-
target species and habitats: biological, conservation and socioeconomic issues. M. J. K. a. S. J. d. G. 
(eds.). Oxford, UK., Blackwell Science Ltd.: 37-46. 

5. Armstrong, D. A., T. C. Wainwright, G. C. Jensen, P. A. Dinnel and H. B. Andersen (1993). Taking refuge 
from bycatch issues: Red king crab (Paralithodes camtschaticus) and trawl fisheries in the eastern 
Bering Sea. Canadian Journal of Fisheries and Aquatic Sciences v.50(no.9): p.1993-2000. 

6. Arntz, A. B., H. F. Moore and W. C. Kendall (1994). Mid-and long-term effects of bottom trawling on the 
benthic fauna of the German Bight. Environmental impact of bottom gear on benthic fauna in relation to 
natural resources management and protection of the North Sea. S. J. a. L. de Groot, H.J. (eds.). Texel, 
The Netherlands, NIOZ Rapport 1994-11: 59-74. 

7. Aschan, M. M. (1991). Effects of Iceland scallop dredging on benthic communities in the Northeast Atlantic. 
ICES Benthos Ecology Working Group, Special International Workshop on the Effects of Physical 
Disturbance of the Seafloor on Benthic and Epibenthic Ecosystems. Bedford Institute of 
Oceanography.: 10 p. 

8. Ault, J., J. Serafy, D. DiResta and J. Dandelski (1997). Impacts of commercial fishing on key habitats within 
Biscayne National Park. Annual Report. Cooperative Agreement No. CA-5250-6-9018: iii + 80 p. 

9. Auster, P. (2001a). Defining thresholds for precautionary habitat management actions in a fisheries context. 
North American Journal of Fisheries Management v.21(no.1): p.1-9. 

10. Auster, P. J. (1998). A conceptual model of the impacts of fishing gear on the integrity of fish habitats. 
Conservation Biology v.12(no.6): p.1198-1203. 

11. Auster, P. J., K. Joy and P. C. Valentine (2001b). Fish species and community distributions as proxies for 
seafloor habitat distributions: The Stellwagen Bank National Marine Sanctuary example (Northwest 
Atlantic, Gulf of Maine). Environmental Biology of Fishes v.60(no.4): p.331-346. 

12. Auster, P. J., R. J. Malatesta and S. C. LaRosa (1995). Patterns of microhabitat utilization by mobile 
megafauna on the southern New England (USA) continental shelf and slope. Marine Ecology Progress 
Series 127: 77-85. 

13. Bailey, K., E. Brown and J. Duffy-Anderson (2003). Aspects of distribution, transport and recruitment of 
Alaska plaice (Pleuronectes quadrituberculatus) in the Gulf of Alaska and eastern Bering Sea: 
comparison of marginal and central populations. JOURNAL OF SEA RESEARCH 50(2-3): 87-95. 

14. Bailey, K. M. (1981). Larval transport and recruitment of Pacific hake, Merluccius productus. Marine Ecology 
Progress Series v.6(no.1): p.1-10. 

15. Bartsch, J., K. Brander, M. Heath, P. Munk, K. Richardson and E. Svendsen (1989). Modelling the advection 
of herring larvae in the North Sea. Nature (London) v.340(no.6235): p.632-636. 

16. Bavestrello, G., C. Cerrano, D. Zanzi and R. CattaneoVietti (1997). Damage by fishing activities in the 
Gorgonian coral Paramuricea clavata in the Ligurian Sea. AQUATIC CONSERVATION-MARINE 
AND FRESHWATER ECOSYSTEMS 7(3): 253-262. 

17. Beaulieu, S. (2001). Life on glass houses: sponge stalk communities in the deep sea. MARINE BIOLOGY 
138(4): 803-817. 

18. Beck, M. (1995). Size-specific shelter limitation in stone crabs: A test of the demographic bottleneck 
hypothesis. Ecology (Washington D C) v.76(no.3): p.968-980. 



 82

19. Bellman, M. A. and S. Heppell (In Press). Shifting groundfish trawl effort: Regulatory impacts on habitat 
conservation. Oregon State University, Department of Fisheries and Wildlife, Hatfield Marine Science 
Center. 

20. Bizzarro, J. (2002). Final Report: Preliminary Video Analysis of Coral, Sponge, and Metridium Distribution 
from Rockfish Transects made with the Delta Submersible in Southeast Alaska.  Regional Information 
Report No. 1J02-38, Alaska Department of Fish and Game Subcontract to Moss Landing Marine 
Laboratories: 23 pages. 

21. Bjorkstedt, E., L. Rosenfeld, B. Grantham, Y. S and J. Roughgarden (2002). Distributions of larval rockfishes 
Sebastes spp. across nearshore fronts in a coastal upwelling region. Marine Ecology Progress Series 
242: 215-228. 

22. Borg, A., L. Pihl and H. Wennhage (1997). Habitat choice by juvenile cod (Gadus morhua L.) on sandy soft 
bottom with different vegetation types. Helgolaender Meeresuntersuchungen v.51(no.2): p.197-212. 

23. Boyd, S. and H. Rees (2000). The effects of dredging intensity on the macrobenthos in commercial aggregate 
extraction sites in the English Channel. ICES CM 2000 -E:08 -Annex 6.: 15 p. 

24. Bradshaw, C., L. O. Veale and A. R. Brand (2002). The effect of scallop-dredge disturbance in long-term 
changes in Irish Sea benthic communities: a Re-analysis of an historical dataset. Journal of Sea 
Research 47(2): 161-184. 

25. Bradstock, M. and D. P. Gordon (1983). Coral-like bryozoan growths in Tasman Bay, and their protection to 
conserve local fish stocks. New Zealand Journal of Marine and Freshwater Research 17: 159-163. 

26. Brodeur, R. (2001). Habitat-specific distribution of Pacific ocean perch (Sebastes alutus) in Pribilof Canyon, 
Bering Sea. Continental Shelf Research 21(3): 207-224. 

27. Brodeur, R. D. and W. G. Pearcy (1984). Food habits and dietary overlap of some shelf rockfishes (Genus 
Sebastes) from the northeastern Pacific Ocean. Fishery Bulletin 82: 269-293. 

28. Buhl-Mortensen, L. and P. Mortensen (2004). Crustaceans associated with the deep-water gorgonian corals 
Paragorgia arborea (L., 1758) and Primnoa resedaeformis (Gunn., 1763). JOURNAL OF NATURAL 
HISTORY 38(10): 1233-1247. 

29. Buhl-Mortensen, L. and P. B. Mortensen (2003). Distribution and diversity of species associated with deep-sea 
gorgonian corals off Atlantic Canada. Second International Symposium on Deep Sea Corals, Erlangen, 
Germany. 

30. Carr, H. A. and H. O. Milliken (1998). Conservation engineering: options to minimize fishing's impacts to the 
sea floor. Effects of fishing gear on the sea floor of New England.  MIT Sea Grant Publication 98-4. P.-
i. E. M. D. a. J. P. (eds.). Boston, MA. 

31. Carr, M. H. (1991). Habitat selection and recruitment of an assemblage of temperate zone reef fishes. 
JOURNAL OF EXPERIMENTAL MARINE BIOLOGY AND ECOLOGY v.146(no.1): p.113-137. 

32. Cartes, J. E., J. B. Company and F. Maynou (1994). Deepwater decapod crustacean communities in the 
Northwestern Mediterranean: influence of submarine canyons and season. Marine Biology 120: 221-
229. 

33. Chess, J. R., S. E. Smith and P. C. Fischer (1988). Trophic relationships of the shortbelly rock®sh, Sebastes 
jordani, off Central California. California Cooperative Oceanic Fisheries Investigations Reports 29: 
129-136. 

34. Christensen, L. (1982). Management and Utilization of Mangroves in Asia and the Pacific. Rome, Food and 
Agricultural Organization of the United Nations. 

35. Christiansen, S. and S. Lutter (2003). Is there any hope for the conservation of cold-water corals in Europe? 
Second International Symposium on Deep Sea Corals, Erlangen, Germany. 

36. Collie, J. S., G. A. Escanero, L. Hunke and P. C. Valentine (1996). Scallop dredging on Georges Bank: 
photographic evaluation of effects on benthic epifauna. ICES C.M. 1996/Mini:9.: 14 p. 

37. Collie, J. S., G. A. Escanero and P. C. Valentine (1997). Effects of bottom fishing on the benthic megafauna of 
Georges Bank. Marine Ecology Progress Series 155: 159-172. 

38. Collie, J. S. E., Galo A.; Valentine, Page C. (2000). Photographic evaluation of the impacts of bottom fishing 
on benthic epifauna. ICES Journal of Marine Science v.57(no.4): p.987-1001. 

39. Conover, D. O., J. Travis and F. C. Coleman (2000). Essential fish habitat and marine reserves: An 
introduction to the Second Mote Symposium in Fisheries Ecology. Bulletin of Marine Science 
v.66(no.3): p.527-534. 

40. Conway, K. W., M. Krautter, J. V. Barrie, F. Whitney, R. E. Thomson, G. Mungov and M. Bertram (2003). 
Sponge reefs in the Queen Charlotte Basin, Canada: Oceanographic and geological controls on growth 
and development. Second International Symposium on Deep Sea Corals, Erlangen, Germany. 

41. Cordes, E., J. Nybakken and G. VanDykhuizen (2001). Reproduction and growth of Anthomastus ritteri 



 83

(Octocorallia : Alcyonacea) from Monterey Bay, California, USA. MARINE BIOLOGY 138(3): 491-
501. 

42. Costanza, R., R. d'Arge, R. de Groot, S. Farber, M. Grasso, B. Hannon, K. Limburg, S. Naeem, R. O'Neill, J. 
Paruelo, R. G. Raskin, P. Sutton and M. van den Belt (1997). The Value of the World's Ecosystem 
Services and Natural Capital. Nature 387: 253-260. 

43. Costello, M. J., M. McCrea, A. Freiwald, T. Lundalv, L. Jonsson, B. J. Bett, T. van Weering, H. de Haas, J. M. 
Roberts and D. Allen (2003). Function of deep-sea cold-water Lophelia coral freefs as fish habitat in the 
eastern Atlantic. Second International Symposium on Deep Sea Corals, Erlangen, Germany. 

44. Cote, D., S. Moulton, D. A. Scruton and R. S. McKinley (2001). Microhabitat use of juvenile Atlantic cod in a 
coastal area of Bonavista Bay, Newfoundland. Transactions of the American Fisheries Society 
v.130(no.6): p.1217-1223. 

45. Cote, I. M., D. Vinyoles, J. D. Reynolds, I. Doadrio and A. Perdices (1999). Potential impacts of gravel 
extraction on Spanish populations of river blennies Salaria fluviatilis (Pisces, Blenniidae). Biological 
Conservation 87(3): 359-367. 

46. Cranfield, H. J., G. Carbines, K. P. Michael, A. Dunn, D. R. Stotter and D. J. Smith (2001). Promising signs of 
regeneration of blue cod and oyster habitat changed by dredging in Foveaux Strait, southern New 
Zealand. New Zealand Journal of Marine and Freshwater Research v.35(no.5): p.897-908. 

47. Cranfield, H. J., K. P. Michael and I. J. Doonan (1999). Changes in the distribution of epifaunal reefs and 
oysters during 130 years of dredging for oysters in Foveaux Strait, southern New Zealand. Aquatic 
Conservation: Marine and Freshwater Ecosystems 9(5): 461-484. 

48. Cryer, M., B. Hartill and S. O'Shea (2002). Modification of marine benthos by trawling: toward a 
generalization for the deep ocean? Ecological Applications 12(6): 1824-1839. 

49. Dayton, P. K. (1998). Reversal of the burden of proof in fisheries management. Science 279(5352): 821-822. 
50. Dayton, P. K., S. Thrush, T. M. Agardy and R. J. Hofman (1995). Environmental Effects of Marine Fishing: 

Aquatic Conservation. Marine and Freshwater Ecology v.5: p.205-232. 
51. DeAlteris, J., L. Skrobe and C. Lipsky (1999). The significance of seabed disturbance by mobile fishing gear 

relative to natural processes: a case study in Narragansett Bay, Rhode Island. American Fisheries 
Society, Symposium 22. P.-i. L. R. B. e. F. h. e. f. h. a. rehabilitation. Bethesda, Maryland. 

52. DeAlteris, J. T., L. G. Skrobe and K. M. Castro (2000). Effects of mobile bottom fishing gear on biodiversity 
and habitat in offshore New England waters. Northeastern Naturalist v.7(no.4): p.379-394. 

53. Dean, T. A., L. Haldorson, D. R. Laur, S. C. Jewett and A. Blanchard (2000). The distribution of nearshore 
fishes in kelp and eelgrass communities in Prince William Sound, Alaska: Associations with vegetation 
and physical habitat characteristics. Environmental Biology of Fishes v.57(no.3): p.271-287. 

54. deGroot, S. (1984). The impact of bottom trawling on the benthic fauna of the North Sea. Ocean Management 
v.10: p. 21-36. 

55. Demestre, M., S. P. and K. M. J. (2000). The behavioural response of benthic scavengers to otter-trawling 
disturbance in the Mediterranean. Effects of fishing on non-target species and habitats: biological, 
conservation and socio-economic issues. P.-i. M. J. K. a. S. J. d. G. (eds.). Oxford, UK., Blackwell 
Science Ltd. 

56. DeVogelaere, A. P., E. J. Burton, W. J. Douros, T. Trejo, Kochevar, R.E., M. N. Tamburri and G. M. Cailliet 
(2003). Deep-sea corals and resource protection at the Davidson Seamount, California, USA. Second 
International Symposium on Deep Sea Corals, Erlangen, Germany. 

57. Diaz, R., G. Cutter and K. Able (2003). The importance of physical and biogenic structure to juvenile fishes on 
the shallow inner continental shelf. ESTUARIES v.26(no.1): p.12-20. 

58. Dieter, B. E., D. A. Wion and R. A. e. McConnaughey (2003). Mobile Fishing Gear Effects on Benthic 
Habitats: A Bibliography (Second Edition). NOAA Technical Memorandum NMFS-AFSC-135. Seattle, 
WA, Alaska Fisheries Science Center: 206 pp. 

59. Dinmore, T. A., D. E. Duplisea, B. D. Rackham, D. L. Maxwell and S. Jennings (2003). Impact of a large-
scale area closure on patterns of fishing disturbance and the consequences for benthic communities. 
ICES Journal of Marine Science 60: 371-380. 

60. Drinkwater, K. (2004). Summary Report: Review on evaluation of fishing activities that may adversely affect 
Essential Fish Habitat (EFH) in Alaska. Council of Independent Experts.  Report available at: 
http://www.fakr.noaa.gov/habitat/cie/review.htm. 

61. Drouin, M. (2001). VMS stretches fishing time in Bering Sea. Pacific Fishing 22(1): 27-29. 
62. Edinger, E. N. R., Michael J. (2000). Reef classification by coral morphology predicts coral reef conservation 

value. Biological Conservation v.92(no.1): p.1-13. 
63. Else, P., L. Haldorson and K. J. Krieger (2002). Shortspine thornyhead (Sebastolobus alascanus) abundance 



 84

and habitat associations in the Gulf of Alaska. Fisheries Bulletin 100(2): 193-199. 
64. Epifanio, C., A. Dittel, R. Rodriguez and T. Targett (2003). The role of macroalgal beds as nursery habitat for 

juvenile blue crabs, Callinectes sapidus. JOURNAL OF SHELLFISH RESEARCH v.22(no.3): p.881-
886. 

65. Etnoyer, P. and L. Morgan (2003). Occurrences of habitat-forming deep-sea corals in the northeast Pacific 
Ocean. Second International Symposium on Deep Sea Corals, Erlangen, Germany. 

66. Fogarty, M. J. and S. A. Murawski (1998). Large-scale disturbance and the structure of marine systems: 
Fishery impacts on Georges Bank. Ecological Applications Supplement. 8(1): S6-S22. 

67. Fossa, J. H., P. B. Mortensen and D. M. Furevik (2002). The deep-water coral Lophelia pertusa in Norwegian 
waters: Distribution and fishery impacts. Hydrobiologia 471(1): 1-12. 

68. Freeland, H. and K. Denman (1982). A topographically controlled upwelling center off Southern Vancouver 
Island. Journal of Marine Research 40: 1069-1093. 

69. Gass, S. E. and J. H. M. Willison (2003). An assessment of the distribution of deep-sea corals in Atlantic 
Canada by using both scientific and local forms of knowledge. Second International Symposium on 
Deep Sea Corals, Erlangen, Germany. 

70. Genin, A., L. Haury and P. Greenblatt (1988). Interactions of migrating zooplankton with shallow topography: 
predation by rockfishes and intensification of patchiness. Deep-Sea Research 35: 151-175. 

71. Gibson, R. N. (1994). Impact of habitat quality and quantity on the recruitment of juvenile flatfishes. 
Netherlands Journal of Sea Research v.32(no.2): p.191-206. 

72. Gotceitas, V. and J. A. Brown (1993). Substrate selection by juvenile Atlantic cod (Gadus morphua):effects of 
predation risk. Oecologia v.93: p.31-37. 

73. Gotceitas, V., S. Fraser and J. A. Brown (1995). Habitat use by juvenile Atlantic cod (Gadus morhua) in the 
presence of an actively foraging and non-foraging predator. Marine Biology (Berlin) v.123(no.3): 
p.421-430. 

74. Gotceitas, V., S. Fraser and J. A. Brown (1997). Use of eelgrass beds (Zostera marina) by juvenile Atlantic cod 
(Gadus morhua). Canadian Journal of Fisheries and Aquatic Sciences v.54(no.6): p.1306-1319. 

75. Gregory, R. S. and J. T. Anderson (1997). Substrate selection and use of protective cover by juvenile Atlantic 
cod Gadus morhua in inshore waters of Newfoundland. Marine Ecology Progress Series v.146(no.1-3): 
p.9-20. 

76. Grehan, A. J., V. Unnithan, A. J. Wheeler, F. X. Monteys, T. Beck, M. Wilson, J. Guinan, J. H. Hall-Spencer, 
A. Foubert, M. Klages and J. Thiede (2003). Evidence of major fisheries impact on cold-water corals off 
the Porcupine Bank, West Coast of Ireland: Implications for offshore coral conservation within the 
European Union. Second International Symposium on Deep Sea Corals, Erlangen, Germany. 

77. Gren, I. M. and T. Soderqvist (1994). Economic Valuation of Wetlands: A Survey. Beijer Discussion Paper 
Series. Stockholm, Sweden, Beijer International Institute of Ecological Economics. 

78. Haedrich, R. L., G. T. Rowe and P. T. Polloni (1980). The megabenthic fauna in the deep sea south of New 
England, USA. Marine Biology 57(165-179). 

79. Hall-Spencer, J. M., V. Allain and J. H. Fossa (2002). Trawling damage to Northeast Atlantic ancient coral 
reefs. PROCEEDINGS OF THE ROYAL SOCIETY OF LONDON SERIES B-BIOLOGICAL 
SCIENCES 269(1490): 507-511. 

80. Hall-Spencer, J. M., C. Froglia, R. J. A. Atkinson and P. G. Moore (1999). The impact of Rapido trawling for 
scallops, Pecten jacobaeus (L.), on the benthos of the Gulf of Venice. ICES Journal of Marine Science 
56(1): 111-124. 

81. Hall-Spencer, J. M. and P. G. Moore (2000). Scallop dredging has profound, long-term impacts on maerl 
habitats. ICES Journal of Marine Science 57(5): 1407-1415. 

82. Hamilton, L. S. and S. C. Snedaker (1984). Handbook for Mangrove Area Management. Honolulu, United 
Nations Environmental Programme and Environment and Policy Institute, East West Center. 

83. Heck, K. L. J. and T. A. Thoman (1981). Experiments on predator-prey interactions in vegetated aquatic 
habitats. J. Exp. Mar. Biol. Ecol. 53: 125–34. 

84. Heifetz, J. (2002). Coral in Alaska: Distribution, abundance, and species associations. Hydrobiologia 471: 19-
28. 

85. Heifetz, J., R. P. Stone, P. W. Malecha, D. L. Courtney, J. T. Fujioka and P. W. Rigby (2003). Research at the 
Auke Bay Laboratory on Benthic Habitat, Alaska Fisheries Science Center Quarterly Report: 10p. 

86. Heikoop, J., D. Hickmott, M. Risk, C. Shearer and V. Atudorei (2002). Potential climate signals from the 
deep-sea gorgonian coral Primnoa resedaeformis. HYDROBIOLOGIA 471, SI: 117-124. 

87. Henry, L. (2001). Hydroids associated with deep-sea corals in the boreal north-west Atlantic. JOURNAL OF 
THE MARINE BIOLOGICAL ASSOCIATION OF THE UNITED KINGDOM 81(1): 163-164. 



 85

88. Herrnkind, W. and M. Butler (1994). SETTLEMENT OF SPINY LOBSTER, PANULIRUS-ARGUS 
(LATREILLE, 1804) IN FLORIDA - PATTERN WITHOUT PREDICTABILITY. CRUSTACEANA 
67(1): 46-64. 

89. Hill, A. S., L. O. Veale, D. Pennington, S. G. Whyte, A. R. Brand and R. G. Hartnoll (1999). Changes in Irish 
Sea benthos: possible effects of 40 years of dredging. Estuarine Coastal and Shelf Science 48(6): 739-
750. 

90. Hixon, M. A., B. N. Tissot and W. G. Pearcy (1991). Fish assemblages of rocky banks of the Pacific 
Northwest. OCS Study MMS 91-0052, USDI Mineral Management Service. 

91. Holling, C. S. E. (1978). Adaptive environmental assessment and management. New York, NY, John Wiley & 
Sons. 

92. Hoyt, Z. N., T. C. Shirley, J. J. Warrenchuk, C. E. O'Clair and R. P. Stone (2002). Observations of movement 
and habitat utilization by golden king crabs (Lithodes aequispinus) in Frederick Sound, Alaska. 

93. Husebo, A., L. Nottestad, J. Fossa, D. Furevik and S. Jorgensen (2002). Distribution and abundance of fish in 
deep-sea coral habitats. HYDROBIOLOGIA 471,SI: 91-99. 

94. Jagielo, T. H., Annette; Tagart, Jack; Zimmermann, Mark (2003). Demersal groundfish densities in trawlable 
and untrawlable habitats off Washington: Implications for the estimation of habitat bias in trawl 
surveys. Fishery Bulletin (Seattle) v.101(no.3): p.545-565. 

95. Johnson, S. W., M. L. Murphy and D. J. Csepp (2003). Distribution, habitat, and behavior of rockfishes, 
Sebastes spp., in nearshore waters of southeastern Alaska: Observations from a remotely operated 
vehicle. Environmental Biology of Fishes v.66(no.3): p.259-270. 

96. Jones, J. B. (1992). Environmental impact of trawling on the seabed: a review. New Zealand Journal of Marine 
and Freshwater Research 26(1): 59-67. 

97. Jones, M., R. Randall, D. Hayes, W. Dunlop, J. Imhof, G. Lacroix and N. Ward (1996). Assessing the 
ecological effects of habitat change: Moving beyond productive capacity. CANADIAN JOURNAL OF 
FISHERIES AND AQUATIC SCIENCES v.53 suppl.1: p.446-457. 

98. Kaiser, M. J. (1998). Significance of bottom-fishing disturbance. Conservation Biology v.12(no.6): p.1230-
1235. 

99. Kaiser, M. J., J. S. Collie, S. J. Hall, S. Jennings and I. R. Poiner (2003). Impacts of fishing gear on marine 
benthic habitats. Responsible fisheries in the marine ecosystem. M. Sinclair and G. Valdimarsson. 
Wallingford, Oxon, OX10 8DE, UK, CABI Publishing. 

100. Kaiser, M. J., A. S. Hill, K. Ramsay, B. E. Spencer, A. R. Brand, L. O. Veale, K. Prudden, E. I. S. Rees, B. W. 
Munday, B. Ball and S. J. Hawkins (1996). Benthic disturbance by fishing gear in the Irish Sea: a 
comparison of beam trawling and scallop dredging. Aquatic Conservation: Marine and Freshwater 
Ecosystems 6(4): 269-285. 

101. Kaiser, M. J., K. Ramsay, C. A. Richardson, F. E. Spence and A. R. Brand (2000a). Chronic fishing 
disturbance has changed shelf sea benthic community structure. Journal of Animal Ecology v.69(no.3): 
p.494-503. 

102. Kaiser, M. J., S. I. Rogers and J. R. Ellis (1999). Importance of Benthic Habitat Complexity for Demersal Fish 
Assemblages. American Fisheries Society Symposium 22: 212-223. 

103. Kaiser, M. J., F. E. Spence and P. J. B. Hart (2000b). Fishing-gear restrictions and conservation of benthic 
habitat complexity. Conservation Biology v.14(no.5): p.1512-1525. 

104. Kaiser, M. J. and B. E. Spencer (1996). The effects of beam-trawl disturbance on infaunal communities in 
different habitats. Journal of Animal Ecology 65(3): 348-358. 

105. Kanno, Y., Y. Ueda and T. Matsuishi (2001). Subpopulations of Pacific cod Gadus macrocephalus off the 
Pacific coast of Northern Japan. Nippon Suisan Gakkaishi v.67(no.1): p.67-77. 

106. Kenney, R. D. and H. E. Winn (1987). Cetacean biomass densities near submarine canyons compared to 
adjacent shelf/slope areas. Continental Shelf Research 7(107-114). 

107. Kenny, A. J., H. L. Rees, J. Greening and S. Campbell (1998). The effects of marine gravel extraction on the 
macrobenthos at an experimental dredge site off North Norfolk, UK. (Results 3 years post-dredging). 
ICES CM 2000 -E:08 -Annex 6. V:14: 14 p. 

108. Knowlton, A. and R. Highsmith (2000). Convergence in the time-space continuum: a predator-prey interaction. 
MARINE ECOLOGY PROGRESS SERIES 197: 285-291. 

109. Koenig, C. C., A. N. Shepard and S. Brooke (2003). Oculina Banks Restoration Project: Description and 
preliminary assessment. Second International Symposium on Deep Sea Corals, Erlangen, Germany. 

110. Koslow, J. A., G. W. Boechlert, D. M. Gordon, R. L. Haedrich, P. Lorance and N. Parin (2000). Continental 
slope and deep-sea fisheries: Implications for a fragile ecosystem. ICES Journal of Marine Science 
57(3): 548-557. 



 86

111. Koslow, J. A., K. Gowlett-Holmes, J. K. Lowry, T. O'Hara, G. C. B. Poore and A. Williams (2001). Seamount 
benthic macrofauna off southern Tasmania: Community structure and impacts of trawling. Marine 
Ecology Progress Series 213: 111-125. 

112. Kramer, D. L., R. W. Rangeley and L. J. Chapman (1997). Habitat Selection: Patterns of Spatial Distribution 
from Behavioural Decisions. Behavioural Ecology of Telecost Fishes. J. G. J. Godin. Oxford, Oxford 
University Press: p.37-80. 

113. Krieger, K. J. (2001). Coral (Primnoa) impacted by fishing gear in the Gulf of Alaska., Ecology Action Center. 
114. Krieger, K. J. and B. L. Wing (2002). Megafauna associations with deepwater corals (Primnoa spp.) in the 

Gulf of Alaska. Hydrobiologia v.471: p.83-90. 
115. Laurel, B. J., R. S. Gregory and J. A. Brown (2003a). Predator distribution and habitat patch area determine 

predation rates on Age-0 juvenile cod Gadus spp. Marine Ecology Progress Series v.251: p.245-254. 
116. Laurel, B. J., R. S. Gregory and J. A. Brown (2003b). Settlement and distribution of Age-0 juvenile cod, Gadus 

morhua and G. ogac, following a large-scale habitat manipulation. Marine Ecology Progress Series 
v.262: p.241-252. 

117. Lenihan, H. S. and C. H. Peterson (1998). How habitat degradation through fishery disturbance enhances 
impacts of hypoxia on oyster reefs. Ecological Applications 8(1): 128-140. 

118. Leverette, T. and A. Metaxas (2003). Predicting suitable deep-sea coral habitat in the northwest Atlantic using 
environmental factors. Second International Symposium on Deep Sea Corals, Erlangen, Germany. 

119. Leys, S. P. and N. R. J. Lauzon (1998). Hexactinellid sponge ecology: growth rates and seasonality in deep 
water sponges. JOURNAL OF EXPERIMENTAL MARINE BIOLOGY AND ECOLOGY 230(1): 
111-129. 

120. Li, H. W., C. B. Schreck and K. J. Rodnick (1984). Assessment of habitat quality models for cutthroat trout 
(Salmo clarki clarki) and coho salmon (Oncorhynchus kisutch) for Oregon's coastal streams. 
Proceedings of a workshop on fish habitat suitability index models.  U.S. Department of the Interior, 
U.S. Fish and Wildlife Service, Division of Biological Services. J. W. Terrell. Washington, D.C. 
Biological Report 85(6): 57-111. 

121. Lindeboom, H. J. (2000). The need for closed areas as conservation. Effects of fishing on non-target species 
and habitats: biological, conservation and socio-economic issues. P.-i. M. J. K. a. S. J. d. G. (eds.). 
Oxford, UK, Blackwell Science Ltd. 

122. Lindeman, K. C. and D. B. Snyder (1999). Nearshore hardbottom fishes of southeast Florida and effects of 
habitat burial caused by dredging. Fishery Bulletin (Seattle) U.S. 97(3): 508-525. 

123. Lindholm, J., P. Auster, M. Ruth and L. Kaufman (2002). Fish population responses to sea floor habitat 
alteration: Implications for the design of marine protected areas. New York, Springer-Verlag New York 
Inc. 

124. Lindholm, J. B., P. J. Auster, M. Ruth and L. Kaufman (2001). Modeling the effects of fishing and 
implications for the design of marine protected areas: Juvenile fish responses to variations in seafloor 
habitat. Conservation Biology v.15(no.2): p.424-437. 

125. Linehan, J. E. G., Robert S.; Schneider, David C. (2001). Predation risk of age-0 cod (Gadus) relative to depth 
and substrate in coastal waters. Journal of Experimental Marine Biology and Ecology v.263(no.1): p.25-
44. 

126. Link, J. S. (1997). Untrawlable bottom in shrimp statistical zones of the northwest Gulf of Mexico. Marine 
Fisheries Review 59: 33-36. 

127. Link, J. S. and C. Demarest (2003). Trawl hangs, baby fish, and closed areas: a win-win scenario. ICES 
Journal of Marine Science 60: 930-938. 

128. Lipcius, R., W. Stockhausen, R. Seitz and P. Geer (2003). Spatial dynamics and value of a marine protected 
area and corridor for the blue crab spawning stock in Chesapeake Bay. BULLETIN OF MARINE 
SCIENCE 72(2): 453-469. 

129. Loher, T. and D. A. Armstrong (2000). Effects of habitat complexity and relative larval supply on the 
establishment of early benthic phase red king crab (Paralithodes camtschaticus Tilesius, 1815) 
populations in Auke Bay, Alaska. Journal of Experimental Marine Biology and Ecology v.245(no.1): 
p.83-109. 

130. Lundalv, T. and L. Jonsson (2003). Cold-water corals in the Skagerrak- more significant than expected but in 
deep peril. Second International Symposium on Deep Sea Corals, Erlangen, Germany. 

131. MacDonald, D. S., M. Little, N. C. Eno and K. Hiscock (1996). Disturbance of benthic species by fishing 
activities: A sensitivity index. Aquatic Conservation: Marine and Freshwater Ecosystems 6(4): 257-268. 

132. Macquart-Moulin, C. and G. Patriti (1996). Accumulation of migratory micronekton crustaceans over the 
upper slope and submarine canyons of the northwestern Mediterranean. Deep-Sea Research 43: 579-



 87

601. 
133. Magorrian, B. H. (1995). The impact of commercial trawling on the benthos of Strangford Lough. 

Dissertation. i-v + 218 p. 
134. Malecha, P. W., R. J. Stone and J. Heifetz (2002). Living substrate in Alaska: Distribution, abundance, and 

species associations. Manuscript submitted at the Symposium on Effects of Fishing Activities on 
Benthic Habitats, Tampa, Florida, November 12-14, 2002. 

135. Malecha, P. W. and R. P. Stone (2003). Sea whip (Order Pennatulacea) resiliency to simulated trawl 
disturbance. Second International Symposium on Deep Sea Corals, Erlangen, Germany. 

136. Mangel, M. (2000). Trade-offs between fish habitat and fishing mortality and the role of reserves. Bulletin of 
Marine Science v.66(no.3): p.663-674. 

137. McAllister, D. E. a. S., G. (1994). Trawling and dredging impacts on fish habitat and bycatch. Coastal Zone 
Canada '94, Cooperation in the Coastal Zone: Conference Proceedings, Volume 4. Coastal Zone Canada 
Association, Bedford Institute of Oceanography, Dartmouth, Nova Scotia, Canada.: 1709-1718. 

138. Minns, C. K. and J. E. Moore (2003). Assessment of net change of productive capacity of fish habitats: The 
role of uncertainty and complexity in decision making. Canadian Journal of Fisheries and Aquatic 
Sciences v.60(no.1): p.100-116. 

139. Morgan, L., P. Etnoyer, A. Scholz and M. Powell (2003). Conservation and management implications of cold-
water coral distributions and fishing effort in the northeast Pacific Ocean. Second International 
Symposium on Deep Sea Corals, Erlangen, Germany. 

140. Morgan, M., C. Wilson and L. Crim (1999). The effect of stress on reproduction in Atlantic cod. Journal of 
Fish Biology 54(3): 477-488. 

141. Morgan, M. J. and R. Chuenpagdee (2003). Shifting gears: addressing the collateral impacts of fishing 
methods in U.S. waters. Washington, D.C., Pew science series on conservation and the environment: 42 
p. 

142. Morgan, M. J., E. M. Deblois and G. A. Rose (1997). An observation on the reaction of Atlantic cod (Gadus 
morhua) in a spawning shoal to bottom trawling. Canadian Journal of Fisheries and Aquatic Sciences 
54(Supplement 1): 217-223. 

143. Mortensen, P., M. Hovland, T. Brattegard and R. Farestveit (1995). DEEP-WATER BIOHERMS OF THE 
SCLERACTINIAN CORAL LOPHELIA-PERTUSA (L) AT 64-DEGREES-N ON THE 
NORWEGIAN SHELF - STRUCTURE AND ASSOCIATED MEGAFAUNA. SARSIA 80(2): 145-
158. 

144. Mortensen, P. B., L. Buhl-Mortensen, D. C. J. Gordon, G. B. J. Fader, D. L. McKeown and D. G. Fenton 
(2003). Evidence of fisheries damage to deep-water gorgonians in the Northeast Channel between 
Georges and Browns Banks, Nova Scotia. Second International Symposium on Deep Sea Corals, 
Erlangen, Germany. 

145. Morton, B. (1996). The subsidiary impacts of dredging (and trawling) on a subtidal benthic molluscan 
community in the southern waters of Hong Kong. Marine Pollution Bulletin 32(10): 701-710. 

146. Murawski, S., R. Brown, H. Lai, P. Rago and L. Hendrickson (2000). Large-scale closed areas as a fishery-
management tool in temperate marine systems: The Georges Bank experience. Bulletin of Marine 
Science 66(3): 775-798. 

147. Nasby-Lucas, N. M., B. W. Embley, M. A. Hixon, S. G. Merle, B. N. Tissot and D. J. Wright (2002). 
Integration of submersible transect data and high-resolution multibeam sonar imagery for a habitat-
based groundfish assessment of Heceta Bank, Oregon. Fishery Bulletin (Seattle) v.100(no.4): p.739-
751. 

148. Naylor, R. and M. Drew (1998). Valuing Mangrove Resources in Kosrae, Micronesia. Environment and 
Development Economics 3: 471-490. 

149. NMFS (2003). Northwest Fisheries Science Center West Coast groundfish observer program initial data report 
and summary analyses. Northwest Fisheries Science Center, NMFS: 26 pp. 

150. NMFS (2004). Website: Resources Assessment and Conservation EngineeringField Videos--Underwater 
Habitat Footage, Alaska Fisheries Science Center: 
http://www.afsc.noaa.gov/race/media/videos/vids_habitat.htm. Access Date: April 5, 2004. 

151. NOAA, O. E. (2002). Exploring Alaska's Seamounts, 
http://oceanexplorer.noaa.gov/explorations/02alaska/logs/jul15/jul15.html. Accessed April 14, 2004. 

152. Norse, E. A. and L. Watling (1999). Impacts of mobile fishing gear: the biodiversity perspective. Fish habitat: 
essential fish habitat and rehabilitation. P.-i. L. R. B. (ed.). Bethesda, Maryland., American Fisheries 
Society, Symposium 22. 

153. NRC (2002). Effects of Trawling and Dredging on Seafloor Habitat. Washington, D.C, National Academy of 



 88

Sciences, National Research Council. 
154. Pereyra, W. T., W. G. Pearcy and C. J. F.E. (1969). Sebastodes flavidus, a shelf rockfish feeding on 

mesopelagic fauna, with consideration of the ecological implications. Journal of the Fisheries Research 
Board of Canada 26: 2211-2215. 

155. Persson, L. and P. Eklov (1995). Prey refuges affecting interactions between piscivorous perch and juvenile 
perch and roach. Ecology (Washington D C) 76: 70-81. 

156. Philippart, C. J. M. (1998). Long-term impact of bottom fisheries on several by-catch species of demersal fish 
and benthic invertebrates in the south-eastern North Sea. ICES Journal of Marine Science 55(3): 342-
352. 

157. Piersma, T., A. Koolhaas, A. Dekinga, J. J. Beukema, R. Dekker and K. Essink (2001). Long-term indirect 
effects of mechanical cockle-dredging on intertidal bivalve stocks in the Wadden Sea. Journal of 
Applied Ecology 38(5): 976-990. 

158. Pipitone, C., F. Badalamenti, G. D'Anna and B. Patti (2000). Fish biomass increase after a four-year trawl ban 
in the Gulf of Castellammare (NW Sicily, Mediterranean Sea). Fisheries Research (Amsterdam) 48(1): 
23-30. 

159. Pitcher, C. R., C. Y. Burridge, T. J. Wassenberg and G. P. Smith (1999). The impact of trawling on some 
tropical sponges and other sessile fauna. Memoirs of the Queensland Museum 44: 455. 

160. Pitcher, C. R., I. R. Poiner, B. J. Hill and C. Y. Burridge (2000). Implications of the effects of trawling on 
sessile megazoobenthos on a tropical shelf in northeastern Australia. ICES Journal of Marine Science 
57(5): 1359-1368. 

161. Poiner, I., J. Glaister, R. Pitcher, C. Burridge, T. Wassenberg, N. Gribble, B. Hill, S. Blaber, D. Milton, D. 
Brewer and N. Ellis (1998). Final report on effects of trawling in the Far Northern Section of the Great 
Barrier Reef: 1991-1996. CSIRO Division of Marine Research, Cleveland, Queensland, Australia. 554 
p. 

162. Poiner, I. R. and R. Kennedy (1984). Complex patterns of change in the macrobenthos of a large sandbank 
following dredging I. Community analysis. Marine Biology (Berlin) 78: 335-352. 

163. Probert, P. K., D. G. McKnight and S. L. Grove (1997). Benthic invertebrate bycatch from a deep-water trawl 
fishery, Chatham Rise, New Zealand. Aquatic Conservation: Marine and Freshwater Ecosystems 7(1): 
27-40. 

164. Puniwai, N. (2002). Spatial and temporal distribution of the crinoid Florometra serratissima on the Oregon 
continental shelf. MS Thesis, Program in Environmental Science and Regional Planning, Washington 
State University. 

165. Quigley, M. P. and J. A. Hall (1999). Recovery of macrobenthic communities after maintenance dredging in 
the Blyth Estuary, north-east England. Aquatic Conservation: Marine and Freshwater Ecosystems 9(1): 
63-73. 

166. Reed, J. K. (2002). Deep-water Oculina coral reefs of Florida: Biology, impacts, and management. 
Hydrobiologia 471(1): 43-55. 

167. Reed, J. K., A. N. Shepard and C. C. Koenig (2003). Mapping and habitat characterization of the deep-water 
Oculina coral reef marine protected area: past and present. Second International Symposium on Deep 
Sea Corals, Erlangen, Germany. 

168. Reise, K. and A. Schubert (1987). Macrobenthic turnover in the subtidal Wadden Sea: The Norderaue revisited 
after 60 years. Helgolander Meeresuntersuchungen 41(1): 69-82. 

169. Relini, G., M. Relini and G. Torchia (2000). The role of fishing gear in the spreading of allochthonous species: 
the Case of Caulerpa taxifolia in the Ligurian Sea. ICES Journal of Marine Science 57(5): 1421-1427. 

170. Reuter, R. F. and P. Spencer (2003). Characterization of rockfish (Sebastes spp.) habitat in the Aleutian Islands 
using historical data. American Fisheries Society Annual Meeting v.133: p.269-270. 

171. Reyes, J., N. Santodomingo, A. Gracia, G. Borrero, L. M. Mejia-Ladino, A. Bermudez and M. Benavides 
(2003). Biodiversity survey of south Caribbean deep-sea coral communities. Second International 
Symposium on Deep Sea Corals, Erlangen, Germany. 

172. Richards, L. J. (1986). Depth and habitat distributions of three species of rockfish (Sebastes) in British 
Columbia: [Canada] observations from the submersible PISCES IV. ENVIRONMENTAL BIOLOGY 
OF FISHES v.17(no.1): p.13-22. 

173. Richards, L. J. (1987). Copper rockfish (Sebastes caurinus) and quillback rockfish (Sebastes maliger) habitat in 
the Strait of Georgia, British Columbia [Canada]. REVUE CANADIENNE DE ZOOLOGIE 
v.65(no.12): p.3188-3191. 

174. Riesen, W. and K. Reise (1982). Macrobenthos of the subtidal Wadden Sea: revisited after 55 years. 
Helgolander Meeresuntersuchungen 35(4): 409-423. 



 89

175. Risk, M. H., JM ; Snow, MG ; Beukens, R (2002). Lifespans and growth patterns of two deep-sea corals: 
Primnoa resedaeformis and Desmophyllum cristagalli. HYDROBIOLOGIA v.471, SI: 125-131. 

176. Roark, E. B., T. Guilderson, S. Flood-Page, R. B. Dunbar and B. L. Ingram (2003). Radiocarbon based age and 
growth rates estimates on deep-sea corals from the Pacific. Second International Symposium on Deep 
Sea Corals, Erlangen, Germany. 

177. Roberts, C. M. (2002). Deep impact: the rising toll of fishing in the deep sea. Trends in Ecology and Evolution 
17(5): 242-245. 

178. Roberts, J. M., S. M. Harvey, P. A. Lamont, J. D. Gage and J. D. Humphery (2000). Seabed photography, 
environmental assessment and evidence for deep-water trawling on the continental margin west of the 
Hebrides. Hydrobiologia 441(1-3): 173-183. 

179. Roberts, S. and M. Hirshfield (2004). Deep-sea corals: out of sight, but no longer out of mind. Frontiers in 
Ecology and the Environment 2(3): 123-130. 

180. Rocha, L., I. Rosa and B. Feitoza (2000). Sponge-dwelling fishes of northeastern Brazil. ENVIRONMENTAL 
BIOLOGY OF FISHES 59(4): 453-458. 

181. Rodwell, L. D., E. B. Barbier, C. M. Roberts and T. R. McClanahan (2003). The importance of habitat quality 
for marine reserve - fishery linkages. Canadian Journal of Fisheries and Aquatic Sciences v.60(no.2): 
p.171-181. 

182. Rogers, S. I., D. Maxwell, A. D. Rijnsdorp, U. Damm and W. Vanhee (1999). Fishing effects in northeast 
Atlantic shelf seas: patterns in fishing effort, diversity and community structure. IV. Can comparisons 
of species diversity be used to assess human impacts on demersal fish faunas? Fisheries Research 
(Amsterdam) 40(2): 135-152. 

183. Ronnback, P. (1999). The Ecological Basis for Economic Value of Seafood Production Supported by 
Mangrove Ecosystems. Ecological Economics 29: 235-252. 

184. Rooker, J. R., G. J. Holt and S. A. Holt (1998). Vulnerability of newly settled red drum (Scianops ocellatus) to 
predatory fish: Is early-life survival enhanced by seagrass meadows? Marine Biology 131: 145–51. 

185. Rose, C., A. Carr, D. Ferro, R. Fonteyne and P. MacMullen (2000). Using gear technology to understand and 
reduce unintended effects of fishing on the seabed and associated communities: Background and 
potential directions. In ICES Working Group on Fishing Technology and Fish Behaviour report, ICES 
CM 2000/B:03: 25 p. 

186. Rothschild, B. J., J. S. Ault, P. Goulletquer and M. He'ral (1994). Decline of the Chesapeake Bay oyster 
population: a century of habitat destruction and overfishing. Marine Ecology Progress Series 111: 29-
39. 

187. Rubec, P. J., J. C. W. Bexley, H. Norris, M. S. Coyne, M. E. Monaco, S. J. Smith and J. S. Ault (1999). 
Suitability Modeling to Delineate Habitat Essential to Sustainable Fisheries. American Fisheries Society 
Symposium 22: 108-133. 

188. Rudd, M., M. Tupper, H. Folmer and G. van Kooten (2003). Policy analysis for tropical marine reserves: 
challenges and directions. FISH AND FISHERIES v.4(no.1): p.65-85. 

189. Ruitenbeck, H. J. (1988). Social cost-benefit analysis of the Korup Project, Cameroon. London, WWF for 
Nature Publication. 

190. Rumohr, H. and T. Kujawski (2000). The impact of trawl fishery on the epifauna of the southern North Sea. 
ICES Journal of Marine Science 57(5): 1389-1394. 

191. Rumohr, H., H. Schomann and T. Kujawski (1994). Environmental impact of bottom gears on benthic fauna in 
the German Bight. Environmental impact of bottom gear on benthic fauna in relation to natural 
resources management and protection of the North Sea. NIOZ Rapport 1994-11. S. J. a. L. Pages 75-86 
in de Groot, H.J. (eds.). Texel, The Netherlands. 

192. Sainsbury, K. J. (1987). Assessment and management of the demersal fishery on the continental shelf of 
northwestern Australia. Tropical snappers and groupers--biology and fisheries management. J. J. 
Polovina and S. Ralston. Boulder, Colorado., Westview Press: 465-503. 

193. Sainsbury, K. J. (1988). The ecological basis of multispecies fisheries and management of a demersal fishery 
in tropical Australia. I. Fish, P. D. T. I. for and e. J. G. Management. New York, Wiley: 349–82. 

194. Sainsbury, K. J., R. A. Campbell and A. W. Whitelaw (1993). Effects of trawling on the marine habitat on the 
north west shelf of Australia and implications for sustainable fisheries management. Sustainable 
Fisheries through Sustainable Fish Habitat. Canberra, Australia, Bureau of Resource Sciences 
Publication. Australian Government Publishing Service.: 137-145. 

195. Saitoh, K. (1998). Genetic variation and local differentiation in the Pacific cod Gadus macrocephalus around 
Japan revealed by mtDNA and RAPD markers. Fisheries Science (Tokyo) v.64(no.5): p.673-679. 

196. Sánchez, J. A. and S. D. Cairns (2004). An unusual new gorgonian coral (Anthozoa: Octocorallia) from the 



 90

Aleutian Islands, Alaska. Zool. Med. Leiden 78. 
197. Sarda, F., J. E. Cartes and J. B. Company (1994). Spatio-temporal variations in megabenthos abundance in 

three different habitats of the Catalan deep-sea (Western Mediterranean). Marine Biology 120(211-219). 
198. Sathirathai, S. and E. B. Barbier (2001). Valuing Mangrove Conservation in Southern Thailand. Contemporary 

Economic Policy 19(2): 109-122. 
199. Savino, J. and R. Stein (1982). Predator–prey interaction between largemouth bass and bluegills as influenced 

by simulated, submersed vegetation. Trans Am Fish Soc 111: 255–266. 
200. Schoenherr, J. R. (1991). Blue whales feeding on high concentrations of euphausiids around Monterey 

Submarine Canyon. Canadian Journal of Zoology 69(583-594). 
201. Scott, D. B. and M. J. Risk (2003). End moraines on the upper Scotian slope: relationship to deep-sea coral and 

fish habitats. Second International Symposium on Deep Sea Corals, Erlangen, Germany. 
202. Snelgrove, P., T. Blackburn, P. Hutchings, D. Alongi, J. Grassle, H. Hummel, G. King, I. Koike, P. 

Lambshead, N. Ramsing and V. SolisWeiss (1997). The importance of marine sediment biodiversity in 
ecosystem processes. AMBIO v.26(no.8): p.578-583. 

203. Soh, S. G., Donald R.; Ito, Daniel H. (2001). The potential role of marine reserves in the management of 
shortraker rockfish (Sebastes borealis) and rougheye rockfish (S. aleutianus) in the Gulf of Alaska. 
Fishery Bulletin (Seattle) v.99(no.1): p.168-179. 

204. Starr, R. M., J. N. Heine, J. M. Felton and G. M. Cailliet (2002). Movement of boccacio (Sebastes paucispinis) 
and greenspotted (S. chlorostictus) rockfishes in a Monterey submarine canyon: implications for the 
design of marine reserves. Fisheries Bulletin 100: 324-337. 

205. Stefanescu, C., B. Morales-Nin and E. Massuti (1994). Fish assemblages on the slope in the Catalan Sea 
(Western Mediterranean): Influence of a submarine canyon. Journal of the Marine Biological 
Association of the UK 74(499-512). 

206. Stein, D. L., B. N. Tissot, M. A. Hixon and W. Barss (1992). Fish-habitat associations on a deep reef at the 
edge of the Oregon continental shelf. U S National Marine Fisheries Service Fishery Bulletin 
v.90(no.3). 

207. Stevens, B. G. (2003). Settlement, substratum preference, and survival of red king crab Paralithodes 
camtschaticus (Tilesius, 1815) glaucothoe on natural substrata in the laboratory. Journal of 
Experimental Marine Biology and Ecology v.283(no.1-2): p.63-78. 

208. Stevens, B. G. and K. Swiney (2003). Settlement, survival, and predation of red king crabs on natural and 
artificial substrata. Journal of Shellfish Research v.22(no.1): p.356. 

209. Stone, R. (2004). Depth distribution, fisheries interactions, and habitat of deep-sea corals in the Aleutian 
Islands of Alaska-Preliminary research data presented at the American Association for the 
Advancement of Science. Seattle, Washington, NOAA Fisheries, Alaska Fisheries Science Center, 
Auke Bay Laboratory. 

210. Stone, R. P. and P. W. Malecha (2003). Deep-sea coral habitat in the Aleutian Islands of Alaska. Second 
International Symposium on Deep Sea Corals, Erlangen, Germany. 

211. Sulak, K. J., S. W. Ross and M. S. Nizinski (2003). Ichthyofauna of deep sea coral banks on the continental 
slope off the southeastern United States. Second International Symposium on Deep Sea Corals, 
Erlangen, Germany. 

212. Swallow, S. K. (1990). Depletion of the environmental basis for renewable resources: The economics of 
interdependent renewable and nonrenewable resources. Journal of Environmental Economics and 
Management 19: 281-296. 

213. Therrien, J., I. Frenette, A. St.-Hilaire, E. Ferguson, S. Bastien-Daigle and C. Godin (2000). Preliminary index 
of essential habitats for certain marine species of importance in the eastern region of New Brunswick. 
Canadian Manuscript Report of Fisheries and Aquatic Sciences(no.2514): p.i-vi; 1-206. 

214. Thrush, S. and P. K. Dayton (2002). Disturbance to marine benthic habitats by trawling and dredging: 
Implications for marine biodiversity. Annual Review of Ecology and Systematics v.33: p.449-473. 

215. Thrush, S. F., J. E. Hewitt, V. J. Cummings and P. K. Dayton (1995). The impact of habitat disturbance by 
scallop dredging on marine benthic communities -what can be predicted from the results of experiments. 
Marine Ecology Progress Series 129(1-3): 141-150. 

216. Thrush, S. F., J. E. Hewitt, G. A. Funnell, V. J. Cummings, J. Ellis, D. Schultz, D. Talley and A. Norkko 
(2001). Fishing disturbance and marine biodiversity: the role of habitat structure in simple soft-sediment 
systems. Marine Ecology Progress Series 223: 277-286. 

217. TILMAN, D., R. MAY, C. LEHMAN and M. NOWAK (1994). HABITAT DESTRUCTION AND THE 
EXTINCTION DEBT. NATURE 371(6492): 65-66. 

218. Tupper, M. and R. G. Boutilier (1995). Effects of habitat on settlement, growth, and postsettlement survival of 



 91

Atlantic cod (Gadus morhua). Canadian Journal of Fisheries and Aquatic Sciences v.52(no.9): p.1834-
1841. 

219. Turner, S. J., S. F. Thrush, J. E. Hewitt, V. J. Cummings and G. Funnell (1999). Fishing impacts and the 
degradation or loss of habitat structure. Fisheries Management and Ecology v.6(no.5): p.401-420. 

220. van Santbrink, J. W. and M. J. N. Bergman (1994). Direct effects of beam trawling on macrofauna in a soft 
bottom area in the southern North Sea. Environmental impact of bottom gear on benthic fauna in 
relation to natural resources management and protection of the North Sea. NIOZ Rapport 1994-11. S. J. 
a. L. Pages 147-178 in de Groot, H.J. (eds.). Texel, The Netherlands. 

221. Vassilopoulou, V. and C. Papaconstantinou (2000). Comparative study of fish assemblages in trawl reserves 
and adjacent areas. 6th Hellenic Symposium on Oceanography and Fisheries. Chios, Greece, May 23-
26, 2000. Proceedings. Volume 2. Fisheries, Inland waters, Aquaculture. 6o Panellinio Symposio 
Okeanografias kai Alieias. Chios, 23-26 Maiou 2000. Praktika. Tomos 2. Alieia, Esoterika ydata, 
Ydatokalliergeies, NCMR Association of Employees, [Athens (Greece)], Proceedings of the Hellenic 
Symposium on Oceanography and Fisheries. 2: 192-194. 

222. Veale, L. O., A. S. Hill, S. J. Hawkins and A. R. Brand (2000). Effects of long-term physical disturbance by 
commercial scallop fishing on subtidal epifaunal assemblages and habitats. Marine Biology 137(2): 
325-337. 

223. Vetter, E. and P. Dayton (1999). Organic enrichment by macrophyte detritus, and abundance patterns of 
megafaunal populations in submarine canyons. Marine Ecology Progress Series 186: 137-148. 

224. Vetter, E. W. and P. K. Dayton (1998). Macrofaunal communities within and adjacent to a detritus-rich 
submarine canyon system. Deep-Sea Research II 45(25-54). 

225. Walters, C. J. (1986). Adaptive management of renewable resources. New York, NY, MacMillan. 
226. Warner, R. R. S., Stephen E.; Caselle, Jennifer E. (2000). Larval accumulation and retention: Implications for 

the design of marine reserves and essential fish habitat. Bulletin of Marine Science v.66(no.3): p.821-
830. 

227. Watling, L. and E. A. Norse (1998). Disturbance of the seabed by mobile fishing gear: A comparison to forest 
clearcutting. Conservation Biology v.12(no.6): 1180-1197. 

228. Wheeler, A. J., B. J. Bett, D. S. M. Billett, D. G. Masson and A. J. Grehan (2003). The impact of demersal 
trawling on NE Atlantic coral ecosystems with particular reference to the Northern Rockall Trough. 
Second International Symposium on Deep Sea Corals, Erlangen, Germany. 

229. White, A. V., HP ; Arin, T (2000). Philippine coral reefs under threat: The economic losses caused by reef 
destruction. MARINE POLLUTION BULLETIN v.40(no.7): p.598-605. 

230. Yoklavich, M. M., H. G. Greene, G. M. Cailliet, D. E. Sullivan, R. N. Lea and M. S. Love (2000). Habitat 
associations of deep-water rockfishes in a submarine canyon: An example of a natural refuge. Fishery 
Bulletin (Washington D C) v.98(no.3): p.625-641. 

231. Zimmerman, M. (2003). Calculation of untrawlable areas within the boundaries of a bottom trawl survey. 
CANADIAN JOURNAL OF FISHERIES AND AQUATIC SCIENCES 60: 657-669



 92

APPENDIX 3:  Points of Latitude and Longitude in Decimal Degrees (NAD 1983) Defining 
Vertices of Areas Closed to Bottom Trawling 
 
Id Name Longitude Latitude 

1 Olympic_1 -125.991863 48.068618
1 Olympic_1 -125.990859 48.165925
1 Olympic_1 -125.750255 48.166567
1 Olympic_1 -125.586563 48.148036
1 Olympic_1 -125.417575 47.966531
1 Olympic_1 -125.523975 47.878908
1 Olympic_1 -125.642892 47.888296
1 Olympic_1 -125.699221 48.004083
1 Olympic_1 -125.805383 48.063409
1 Olympic_1 -125.991863 48.068618
2 Olympic_2 -124.918916 48.462917
2 Olympic_2 -124.860104 48.357674
2 Olympic_2 -124.952966 48.283384
2 Olympic_2 -124.990111 48.128613
2 Olympic_2 -125.165001 47.956818
2 Olympic_2 -125.308938 48.074444
2 Olympic_2 -125.228457 48.170401
2 Olympic_2 -124.963800 48.466013
2 Olympic_2 -124.918916 48.462917
3 Biogenic area_1 -125.017013 47.565969
3 Biogenic area_1 -125.082730 47.503381
3 Biogenic area_1 -125.292400 47.509640
3 Biogenic area_1 -125.567786 47.559710
3 Biogenic area_1 -125.655409 47.713050
3 Biogenic area_1 -125.545880 47.781897
3 Biogenic area_1 -125.445740 47.666109
3 Biogenic area_1 -125.092119 47.656721
3 Biogenic area_1 -125.017013 47.565969
4 Biogenic area_2 -125.019400 47.186269
4 Biogenic area_2 -125.154229 47.183772
4 Biogenic area_2 -125.155893 47.217895
4 Biogenic area_2 -125.128428 47.273658
4 Biogenic area_2 -124.981948 47.271993
4 Biogenic area_2 -124.990270 47.200417
4 Biogenic area_2 -125.019400 47.186269
5 Grays Canyon -124.895177 46.851396
5 Grays Canyon -124.907446 46.908964
5 Grays Canyon -125.020803 46.927021
5 Grays Canyon -124.974657 47.114612
5 Grays Canyon -124.915471 47.092542
5 Grays Canyon -124.895408 46.938056
5 Grays Canyon -124.818164 46.953103
5 Grays Canyon -124.791581 46.913113
5 Grays Canyon -124.895177 46.851396
6 Biogenic area_3 -125.316522 46.825893
6 Biogenic area_3 -125.179197 46.802590
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Id Name Longitude Latitude 
6 Biogenic area_3 -125.197507 46.690233
6 Biogenic area_3 -125.268250 46.723524
6 Biogenic area_3 -125.316522 46.825893
7 Astoria Canyon -124.670219 46.330652
7 Astoria Canyon -124.671703 46.332146
7 Astoria Canyon -124.607751 46.312553
7 Astoria Canyon -124.553330 46.273963
7 Astoria Canyon -124.450004 46.306064
7 Astoria Canyon -124.371758 46.310077
7 Astoria Canyon -124.348685 46.290014
7 Astoria Canyon -124.403859 46.220796
7 Astoria Canyon -124.560352 46.203742
7 Astoria Canyon -124.613519 46.207754
7 Astoria Canyon -124.648630 46.159603
7 Astoria Canyon -124.672706 46.062296
7 Astoria Canyon -124.874341 46.015148
7 Astoria Canyon -124.899420 46.051261
7 Astoria Canyon -125.013781 46.055274
7 Astoria Canyon -125.032841 46.244871
7 Astoria Canyon -125.041869 46.336159
7 Astoria Canyon -124.700794 46.320108
7 Astoria Canyon -124.670219 46.330652
8 Ridges_biogenic_area_5 -124.921875 46.016777
8 Ridges_biogenic_area_5 -124.924121 45.895468
8 Ridges_biogenic_area_5 -124.870207 45.857278
8 Ridges_biogenic_area_5 -124.811799 45.857278
8 Ridges_biogenic_area_5 -124.732869 45.843004
8 Ridges_biogenic_area_5 -124.728694 45.792204
8 Ridges_biogenic_area_5 -124.822639 45.755322
8 Ridges_biogenic_area_5 -124.834469 45.676686
8 Ridges_biogenic_area_5 -124.888053 45.632844
8 Ridges_biogenic_area_5 -124.946508 45.721223
8 Ridges_biogenic_area_5 -124.929807 45.778286
8 Ridges_biogenic_area_5 -124.981303 46.008627
8 Ridges_biogenic_area_5 -124.921875 46.016777
9 Biogenic area_6 -124.396026 45.258719
9 Biogenic area_6 -124.426820 45.188807
9 Biogenic area_6 -124.498395 45.191304
9 Biogenic area_6 -124.480918 45.273700
9 Biogenic area_6 -124.396026 45.258719

10 Biogenic area_7 -124.490555 45.071018
10 Biogenic area_7 -124.456858 44.976667
10 Biogenic area_7 -124.526499 44.972174
10 Biogenic area_7 -124.566935 45.030582
10 Biogenic area_7 -124.674765 45.019350
10 Biogenic area_7 -124.717447 45.075511
10 Biogenic area_7 -124.632082 45.178848
10 Biogenic area_7 -124.631965 45.178774
10 Biogenic area_7 -124.490555 45.071018
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Id Name Longitude Latitude 
11 Biogenic area_8 -124.772214 44.932966
11 Biogenic area_8 -124.771382 44.932966
11 Biogenic area_8 -124.765556 44.877203
11 Biogenic area_8 -124.817989 44.836422
11 Biogenic area_8 -124.863764 44.835590
11 Biogenic area_8 -124.893726 44.917985
11 Biogenic area_8 -124.857938 44.946282
11 Biogenic area_8 -124.772214 44.932966
12 Daisy Bank -124.690490 44.662163
12 Daisy Bank -124.688243 44.659917
12 Daisy Bank -124.643314 44.619480
12 Daisy Bank -124.654547 44.592523
12 Daisy Bank -124.694983 44.626220
12 Daisy Bank -124.715201 44.614987
12 Daisy Bank -124.771362 44.637452
12 Daisy Bank -124.818538 44.641945
12 Daisy Bank -124.818538 44.671149
12 Daisy Bank -124.800566 44.689120
12 Daisy Bank -124.690490 44.662163
13 Heceta Bank -124.927170 44.269081
13 Heceta Bank -124.927126 44.268055
13 Heceta Bank -124.645251 44.338272
13 Heceta Bank -124.579574 44.288300
13 Heceta Bank -124.674054 44.225314
13 Heceta Bank -124.755037 44.149954
13 Heceta Bank -124.761786 44.057723
13 Heceta Bank -124.823648 44.054349
13 Heceta Bank -124.869109 43.860116
13 Heceta Bank -124.870324 43.858486
13 Heceta Bank -124.929376 43.779906
13 Heceta Bank -124.966493 43.781031
13 Heceta Bank -124.991238 43.873262
13 Heceta Bank -125.075595 43.926126
13 Heceta Bank -125.056474 43.999236
13 Heceta Bank -125.078970 44.022856
13 Heceta Bank -125.078970 44.063347
13 Heceta Bank -125.050851 44.080219
13 Heceta Bank -125.071096 44.103839
13 Heceta Bank -125.063223 44.137582
13 Heceta Bank -125.055350 44.156703
13 Heceta Bank -125.060973 44.219690
13 Heceta Bank -125.003610 44.265805
13 Heceta Bank -124.927170 44.269081
14 Ridges_biogenic area_9 -125.122602 43.371617
14 Ridges_biogenic area_9 -125.214152 43.538072
14 Ridges_biogenic area_9 -125.137583 43.631287
14 Ridges_biogenic area_9 -125.109286 43.609648
14 Ridges_biogenic area_9 -125.140080 43.550556
14 Ridges_biogenic area_9 -125.105957 43.515601
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Id Name Longitude Latitude 
14 Ridges_biogenic area_9 -125.120938 43.462335
14 Ridges_biogenic area_9 -125.054356 43.405740
14 Ridges_biogenic area_9 -125.048530 43.342487
14 Ridges_biogenic area_9 -125.071001 43.322513
14 Ridges_biogenic area_9 -125.107621 43.321680
14 Ridges_biogenic area_9 -125.126763 43.284228
14 Ridges_biogenic area_9 -125.151732 43.288389
14 Ridges_biogenic area_9 -125.121770 43.370785
14 Ridges_biogenic area_9 -125.122602 43.371617
15 Ridges_biogenic area_10 -125.050194 43.630455
15 Ridges_biogenic area_10 -125.039375 43.663746
15 Ridges_biogenic area_10 -125.015239 43.677062
15 Ridges_biogenic area_10 -124.954574 43.645090
15 Ridges_biogenic area_10 -124.976122 43.563873
15 Ridges_biogenic area_10 -124.942831 43.493129
15 Ridges_biogenic area_10 -124.922024 43.349978
15 Ridges_biogenic area_10 -124.957812 43.347481
15 Ridges_biogenic area_10 -124.986109 43.523091
15 Ridges_biogenic area_10 -125.028555 43.567202
15 Ridges_biogenic area_10 -125.050194 43.630455
15 Ridges_biogenic area_10 -124.953650 43.644603
15 Ridges_biogenic area_10 -124.954574 43.645090
15 Ridges_biogenic area_10 -124.954482 43.645436
15 Ridges_biogenic area_10 -124.953650 43.644603
16 Hard bottom feature_1 -124.573674 43.350232
16 Hard bottom feature_1 -124.571428 43.347985
16 Hard bottom feature_1 -124.510773 43.347985
16 Hard bottom feature_1 -124.481569 43.285085
16 Hard bottom feature_1 -124.418669 43.291824
16 Hard bottom feature_1 -124.427654 43.168269
16 Hard bottom feature_1 -124.472584 43.094136
16 Hard bottom feature_1 -124.535484 43.105368
16 Hard bottom feature_1 -124.553456 43.044714
16 Hard bottom feature_1 -124.582660 43.046960
16 Hard bottom feature_1 -124.578167 43.107615
16 Hard bottom feature_1 -124.690490 43.204212
16 Hard bottom feature_1 -124.573674 43.350232
17 Rogue Canyon -125.222900 42.638105
17 Rogue Canyon -124.946586 42.721224
17 Rogue Canyon -124.879192 42.671802
17 Rogue Canyon -124.784841 42.656077
17 Rogue Canyon -124.733356 42.694131
17 Rogue Canyon -124.701722 42.671802
17 Rogue Canyon -124.748898 42.552740
17 Rogue Canyon -124.647807 42.550493
17 Rogue Canyon -124.645561 42.530275
17 Rogue Canyon -124.775855 42.465128
17 Rogue Canyon -124.748898 42.411213
17 Rogue Canyon -125.092606 42.289904
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Id Name Longitude Latitude 
17 Rogue Canyon -125.222900 42.638105
18 Biogenic area_11 -125.052170 41.667635
18 Biogenic area_11 -125.058909 41.784451
18 Biogenic area_11 -124.962311 41.770972
18 Biogenic area_11 -124.991515 41.723797
18 Biogenic area_11 -124.998255 41.672128
18 Biogenic area_11 -125.052170 41.667635
19 Eel River Canyon -124.481520 40.565299
19 Eel River Canyon -124.556417 40.594496
19 Eel River Canyon -124.616081 40.598305
19 Eel River Canyon -124.650356 40.551335
19 Eel River Canyon -124.600848 40.501827
19 Eel River Canyon -124.560225 40.374882
19 Eel River Canyon -124.707481 40.387577
19 Eel River Canyon -124.713828 40.484055
19 Eel River Canyon -124.849659 40.564030
19 Eel River Canyon -124.872509 40.675741
19 Eel River Canyon -124.665589 40.831883
19 Eel River Canyon -124.574189 40.830613
19 Eel River Canyon -124.555148 40.682088
19 Eel River Canyon -124.448514 40.631310
19 Eel River Canyon -124.481520 40.565299
20 Mendocino Ridge -125.947806 40.395299
20 Mendocino Ridge -125.947194 40.399410
20 Mendocino Ridge -125.947001 40.400702
20 Mendocino Ridge -124.400023 40.423883
20 Mendocino Ridge -124.376486 40.208258
20 Mendocino Ridge -125.955242 40.345350
20 Mendocino Ridge -125.947806 40.395299
21 Hard bottom feature_2 -123.852440 39.055301
21 Hard bottom feature_2 -123.829859 38.942400
21 Hard bottom feature_2 -123.878246 38.902078
21 Hard bottom feature_2 -123.916955 38.994012
21 Hard bottom feature_2 -123.920180 39.047237
21 Hard bottom feature_2 -123.852440 39.055301
22 Biogenic area_12 -123.642506 38.564678
22 Biogenic area_12 -123.708823 38.536356
22 Biogenic area_12 -123.938166 38.731850
22 Biogenic area_12 -123.857343 38.775370
22 Biogenic area_12 -123.721257 38.606816
22 Biogenic area_12 -123.697770 38.603363
22 Biogenic area_12 -123.642506 38.564678
23 Cordell Bank -123.629554 38.135929
23 Cordell Bank -123.600568 38.144206
23 Cordell Bank -123.181380 38.263900
23 Cordell Bank -123.119130 38.210010
23 Cordell Bank -123.092070 38.165760
23 Cordell Bank -123.082370 38.140720
23 Cordell Bank -123.087420 38.128290
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Id Name Longitude Latitude 
23 Cordell Bank -123.098040 38.102150
23 Cordell Bank -123.103870 38.090690
23 Cordell Bank -123.109240 38.078980
23 Cordell Bank -123.117110 38.065050
23 Cordell Bank -123.128270 38.052020
23 Cordell Bank -123.141370 37.992270
23 Cordell Bank -123.236150 37.989470
23 Cordell Bank -123.323120 37.958800
23 Cordell Bank -123.389580 37.904640
23 Cordell Bank -123.425790 37.834800
23 Cordell Bank -123.426940 37.766870
23 Cordell Bank -123.434660 37.770330
23 Cordell Bank -123.446940 37.781090
23 Cordell Bank -123.454660 37.783830
23 Cordell Bank -123.467210 37.794870
23 Cordell Bank -123.473130 37.800940
23 Cordell Bank -123.468970 37.810260
23 Cordell Bank -123.479060 37.813650
23 Cordell Bank -123.492800 37.822960
23 Cordell Bank -123.517490 37.849880
23 Cordell Bank -123.521970 37.861890
23 Cordell Bank -123.521920 37.876370
23 Cordell Bank -123.529670 37.885410
23 Cordell Bank -123.539370 37.907250
23 Cordell Bank -123.543600 37.922880
23 Cordell Bank -123.547010 37.938580
23 Cordell Bank -123.547770 37.949010
23 Cordell Bank -123.561990 37.955280
23 Cordell Bank -123.578590 37.966830
23 Cordell Bank -123.587460 37.977610
23 Cordell Bank -123.599880 37.986780
23 Cordell Bank -123.613310 37.998470
23 Cordell Bank -123.624940 38.013660
23 Cordell Bank -123.624500 38.019870
23 Cordell Bank -123.615310 38.022860
23 Cordell Bank -123.598640 38.024190
23 Cordell Bank -123.599040 38.034090
23 Cordell Bank -123.606110 38.046140
23 Cordell Bank -123.605490 38.053080
23 Cordell Bank -123.615460 38.061880
23 Cordell Bank -123.621620 38.074510
23 Cordell Bank -123.620650 38.082890
23 Cordell Bank -123.633440 38.112560
23 Cordell Bank -123.642650 38.132190
23 Cordell Bank -123.629554 38.135929
24 Hard bottom feature_3 -123.028799 37.742019
24 Hard bottom feature_3 -122.965555 37.688261
24 Hard bottom feature_3 -122.994015 37.664545
24 Hard bottom feature_3 -123.062002 37.700910
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Id Name Longitude Latitude 
24 Hard bottom feature_3 -123.055678 37.738857
24 Hard bottom feature_3 -123.028799 37.742019
25 Hard bottom feature_4 -122.434751 37.307399
25 Hard bottom feature_4 -122.467393 37.280997
25 Hard bottom feature_4 -122.578281 37.329960
25 Hard bottom feature_4 -122.645965 37.321320
25 Hard bottom feature_4 -122.679087 37.392365
25 Hard bottom feature_4 -122.553319 37.423567
25 Hard bottom feature_4 -122.434751 37.307399
26 Monterey Bay and Canyon -122.597027 36.999724
26 Monterey Bay and Canyon -121.639041 36.999708
26 Monterey Bay and Canyon -121.636225 36.495205
26 Monterey Bay and Canyon -122.602074 36.501646
26 Monterey Bay and Canyon -122.597027 36.999724
27 Hard bottom feature_5 -122.294561 36.429156
27 Hard bottom feature_5 -122.270732 36.401515
27 Hard bottom feature_5 -122.305998 36.274748
27 Hard bottom feature_5 -122.329827 36.283326
27 Hard bottom feature_5 -122.336499 36.371015
27 Hard bottom feature_5 -122.305998 36.431063
27 Hard bottom feature_5 -122.294561 36.429156
28 Biogenic area_13 -122.075339 36.302389
28 Biogenic area_13 -122.135387 36.298577
28 Biogenic area_13 -122.137293 36.342421
28 Biogenic area_13 -122.077245 36.344327
28 Biogenic area_13 -122.075339 36.302389
29 Morrow ridge -121.870487 35.688088
29 Morrow ridge -121.852181 35.533793
29 Morrow ridge -121.520054 35.452722
29 Morrow ridge -120.983944 34.571410
29 Morrow ridge -121.504363 34.775393
29 Morrow ridge -121.645582 35.185975
29 Morrow ridge -122.030012 35.505026
29 Morrow ridge -122.024782 35.711624
29 Morrow ridge -121.870487 35.688088
30 Channel Islands -120.586621 34.187072
30 Channel Islands -120.539874 34.204864
30 Channel Islands -120.507278 34.205400
30 Channel Islands -120.460414 34.192544
30 Channel Islands -120.428593 34.205202
30 Channel Islands -120.418006 34.207067
30 Channel Islands -120.351216 34.202237
30 Channel Islands -120.325763 34.191174
30 Channel Islands -120.312236 34.182312
30 Channel Islands -120.293103 34.164079
30 Channel Islands -120.286268 34.153409
30 Channel Islands -120.252924 34.136317
30 Channel Islands -120.227067 34.111284
30 Channel Islands -120.211898 34.110076
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Id Name Longitude Latitude 
30 Channel Islands -120.160759 34.125189
30 Channel Islands -120.111042 34.124808
30 Channel Islands -120.085815 34.129935
30 Channel Islands -120.042058 34.136984
30 Channel Islands -120.019642 34.135349
30 Channel Islands -119.958300 34.172578
30 Channel Islands -119.933570 34.176818
30 Channel Islands -119.889034 34.175878
30 Channel Islands -119.852395 34.172664
30 Channel Islands -119.836426 34.169617
30 Channel Islands -119.803470 34.162131
30 Channel Islands -119.793267 34.159278
30 Channel Islands -119.778003 34.159065
30 Channel Islands -119.766878 34.159880
30 Channel Islands -119.697802 34.146355
30 Channel Islands -119.660244 34.134108
30 Channel Islands -119.612540 34.151419
30 Channel Islands -119.590587 34.154662
30 Channel Islands -119.511943 34.147843
30 Channel Islands -119.491980 34.138249
30 Channel Islands -119.480814 34.133890
30 Channel Islands -119.448440 34.116642
30 Channel Islands -119.428956 34.117124
30 Channel Islands -119.402115 34.114343
30 Channel Islands -119.391200 34.116110
30 Channel Islands -119.330403 34.115228
30 Channel Islands -119.291778 34.101853
30 Channel Islands -119.256861 34.073395
30 Channel Islands -119.236425 34.026074
30 Channel Islands -119.250098 33.967762
30 Channel Islands -119.274220 33.941385
30 Channel Islands -119.322063 33.918295
30 Channel Islands -119.332800 33.913037
30 Channel Islands -119.353447 33.906348
30 Channel Islands -119.363328 33.903983
30 Channel Islands -119.383727 33.901308
30 Channel Islands -119.407295 33.902187
30 Channel Islands -119.424221 33.904239
30 Channel Islands -119.461371 33.910937
30 Channel Islands -119.482633 33.915685
30 Channel Islands -119.519363 33.900639
30 Channel Islands -119.548615 33.894136
30 Channel Islands -119.582779 33.888095
30 Channel Islands -119.594231 33.886884
30 Channel Islands -119.626174 33.885942
30 Channel Islands -119.655043 33.873302
30 Channel Islands -119.687830 33.862335
30 Channel Islands -119.743901 33.859953
30 Channel Islands -119.771297 33.863506
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Id Name Longitude Latitude 
30 Channel Islands -119.790169 33.861097
30 Channel Islands -119.870604 33.868036
30 Channel Islands -119.882471 33.870379
30 Channel Islands -119.923164 33.848655
30 Channel Islands -119.965076 33.841254
30 Channel Islands -120.031584 33.814499
30 Channel Islands -120.043513 33.810758
30 Channel Islands -120.069954 33.799827
30 Channel Islands -120.102075 33.793790
30 Channel Islands -120.134216 33.794251
30 Channel Islands -120.187305 33.810029
30 Channel Islands -120.202842 33.817626
30 Channel Islands -120.229274 33.831465
30 Channel Islands -120.254823 33.844444
30 Channel Islands -120.295397 33.889759
30 Channel Islands -120.308570 33.909559
30 Channel Islands -120.325065 33.917122
30 Channel Islands -120.375851 33.914034
30 Channel Islands -120.421703 33.925010
30 Channel Islands -120.461318 33.926936
30 Channel Islands -120.532824 33.950395
30 Channel Islands -120.565825 33.986975
30 Channel Islands -120.574637 34.013489
30 Channel Islands -120.585666 34.019402
30 Channel Islands -120.628622 34.058479
30 Channel Islands -120.638945 34.081510
30 Channel Islands -120.642078 34.102075
30 Channel Islands -120.606046 34.171039
30 Channel Islands -120.600412 34.181824
30 Channel Islands -120.586621 34.187072

31 
Cowcod conservation 
area_west -119.883333 33.534436

31 
Cowcod conservation 
area_west -119.883333 33.538093

31 
Cowcod conservation 
area_west -119.883333 33.550000

31 
Cowcod conservation 
area_west -119.500000 33.550000

31 
Cowcod conservation 
area_west -119.500000 33.833333

31 
Cowcod conservation 
area_west -118.833333 33.833333

31 
Cowcod conservation 
area_west -118.833333 32.333333

31 
Cowcod conservation 
area_west -119.616667 32.333333

31 
Cowcod conservation 
area_west -119.616667 33.000000

31 
Cowcod conservation 
area_west -119.883333 33.000000

31 Cowcod conservation -119.883333 33.534436
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Id Name Longitude Latitude 
area_west 

32 
Cowcod conservation 
area_east -118.033333 32.700000

32 
Cowcod conservation 
area_east -117.833333 32.700000

32 
Cowcod conservation 
area_east -117.833333 32.611667

32 
Cowcod conservation 
area_east -117.891667 32.500000

32 
Cowcod conservation 
area_east -118.033333 32.500000

32 
Cowcod conservation 
area_east -118.033333 32.700000

33 Hard bottom feature_6 -118.189939 33.578534
33 Hard bottom feature_6 -118.062605 33.431354
33 Hard bottom feature_6 -118.153558 33.194875
33 Hard bottom feature_6 -118.590135 33.328825
33 Hard bottom feature_6 -118.585174 33.398280
33 Hard bottom feature_6 -118.694318 33.428047
33 Hard bottom feature_6 -118.704240 33.504117
33 Hard bottom feature_6 -118.639746 33.545460
33 Hard bottom feature_6 -118.338772 33.451199
33 Hard bottom feature_6 -118.189939 33.578534
34 Thompson Seamount -128.737279 46.069533
34 Thompson Seamount -128.714978 46.103998
34 Thompson Seamount -128.662909 46.115569
34 Thompson Seamount -128.660016 46.112676
34 Thompson Seamount -128.657123 46.130033
34 Thompson Seamount -128.573234 46.141604
34 Thompson Seamount -128.489345 46.112676
34 Thompson Seamount -128.477774 46.060607
34 Thompson Seamount -128.526950 45.994074
34 Thompson Seamount -128.552985 45.947791
34 Thompson Seamount -128.654231 45.898614
34 Thompson Seamount -128.723656 45.904400
34 Thompson Seamount -128.764154 45.947791
34 Thompson Seamount -128.767047 46.014323
34 Thompson Seamount -128.764426 46.019566
34 Thompson Seamount -128.746798 46.054822
34 Thompson Seamount -128.737279 46.069533
35 President Jackson Seamount -128.096032 42.668085
35 President Jackson Seamount -128.135465 42.696763
35 President Jackson Seamount -128.167334 42.724080
35 President Jackson Seamount -128.200721 42.749878
35 President Jackson Seamount -128.250801 42.804511
35 President Jackson Seamount -128.250801 42.854591
35 President Jackson Seamount -128.203756 42.894048
35 President Jackson Seamount -128.141535 42.877355
35 President Jackson Seamount -128.115736 42.860662
35 President Jackson Seamount -128.096008 42.837898
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Id Name Longitude Latitude 
35 President Jackson Seamount -128.062621 42.802994
35 President Jackson Seamount -128.032269 42.757466
35 President Jackson Seamount -127.959425 42.702833
35 President Jackson Seamount -127.898722 42.686140
35 President Jackson Seamount -127.831949 42.646683
35 President Jackson Seamount -127.746964 42.607226
35 President Jackson Seamount -127.689296 42.558663
35 President Jackson Seamount -127.660462 42.520724
35 President Jackson Seamount -127.608864 42.472161
35 President Jackson Seamount -127.598241 42.399317
35 President Jackson Seamount -127.628593 42.365931
35 President Jackson Seamount -127.680191 42.350755
35 President Jackson Seamount -127.715095 42.356825
35 President Jackson Seamount -127.728753 42.365931
35 President Jackson Seamount -127.768210 42.396282
35 President Jackson Seamount -127.810703 42.434222
35 President Jackson Seamount -127.868371 42.476714
35 President Jackson Seamount -127.916933 42.517689
35 President Jackson Seamount -127.980672 42.576874
35 President Jackson Seamount -128.024681 42.622402
35 President Jackson Seamount -128.058979 42.643838
35 President Jackson Seamount -128.085385 42.660341
35 President Jackson Seamount -128.096032 42.668085
36 Taney Seamount -125.389500 36.715176
36 Taney Seamount -125.413799 36.722987
36 Taney Seamount -125.482402 36.744650
36 Taney Seamount -125.579889 36.795199
36 Taney Seamount -125.662933 36.824085
36 Taney Seamount -125.695429 36.910740
36 Taney Seamount -125.655712 36.968510
36 Taney Seamount -125.659323 36.982953
36 Taney Seamount -125.601553 36.964899
36 Taney Seamount -125.529340 36.928793
36 Taney Seamount -125.471570 36.892687
36 Taney Seamount -125.309091 36.838527
36 Taney Seamount -125.244099 36.795199
36 Taney Seamount -125.157444 36.744650
36 Taney Seamount -125.067178 36.730208
36 Taney Seamount -124.987744 36.683270
36 Taney Seamount -124.994965 36.614667
36 Taney Seamount -125.031072 36.585782
36 Taney Seamount -125.106895 36.596614
36 Taney Seamount -125.204382 36.636331
36 Taney Seamount -125.312702 36.690491
36 Taney Seamount -125.333048 36.697031
36 Taney Seamount -125.389500 36.715176
37 Gumdrop Seamount -123.404700 37.495613
37 Gumdrop Seamount -123.404700 37.488298
37 Gumdrop Seamount -123.404700 37.478309
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Id Name Longitude Latitude 
37 Gumdrop Seamount -123.412059 37.462366
37 Gumdrop Seamount -123.430455 37.437838
37 Gumdrop Seamount -123.443945 37.420668
37 Gumdrop Seamount -123.467247 37.396139
37 Gumdrop Seamount -123.486870 37.382649
37 Gumdrop Seamount -123.512625 37.376517
37 Gumdrop Seamount -123.523663 37.380196
37 Gumdrop Seamount -123.533474 37.419441
37 Gumdrop Seamount -123.533474 37.447649
37 Gumdrop Seamount -123.532248 37.475857
37 Gumdrop Seamount -123.532248 37.488121
37 Gumdrop Seamount -123.527342 37.510196
37 Gumdrop Seamount -123.510172 37.528593
37 Gumdrop Seamount -123.489323 37.534725
37 Gumdrop Seamount -123.474606 37.535951
37 Gumdrop Seamount -123.472153 37.539630
37 Gumdrop Seamount -123.458662 37.538404
37 Gumdrop Seamount -123.440266 37.529819
37 Gumdrop Seamount -123.432908 37.527366
37 Gumdrop Seamount -123.414511 37.517555
37 Gumdrop Seamount -123.404700 37.497932
37 Gumdrop Seamount -123.404700 37.495613
38 Pioneer Seamount -123.316093 37.404115
38 Pioneer Seamount -123.305360 37.382649
38 Pioneer Seamount -123.301681 37.366705
38 Pioneer Seamount -123.301681 37.347083
38 Pioneer Seamount -123.307813 37.318875
38 Pioneer Seamount -123.324983 37.301705
38 Pioneer Seamount -123.350738 37.275950
38 Pioneer Seamount -123.392436 37.271045
38 Pioneer Seamount -123.413285 37.268592
38 Pioneer Seamount -123.445172 37.266139
38 Pioneer Seamount -123.481964 37.264912
38 Pioneer Seamount -123.497908 37.273497
38 Pioneer Seamount -123.510172 37.288214
38 Pioneer Seamount -123.515078 37.304158
38 Pioneer Seamount -123.516304 37.316422
38 Pioneer Seamount -123.518757 37.328686
38 Pioneer Seamount -123.512625 37.345856
38 Pioneer Seamount -123.490549 37.367932
38 Pioneer Seamount -123.481964 37.378969
38 Pioneer Seamount -123.447625 37.409630
38 Pioneer Seamount -123.428002 37.429253
38 Pioneer Seamount -123.414511 37.447649
38 Pioneer Seamount -123.407153 37.458687
38 Pioneer Seamount -123.402247 37.463592
38 Pioneer Seamount -123.380172 37.466045
38 Pioneer Seamount -123.356870 37.451328
38 Pioneer Seamount -123.350738 37.441517
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Id Name Longitude Latitude 
38 Pioneer Seamount -123.334794 37.432932
38 Pioneer Seamount -123.321921 37.413622
38 Pioneer Seamount -123.317624 37.407177
38 Pioneer Seamount -123.316093 37.404115
39 Guide Seamount -123.402576 37.071437
39 Guide Seamount -123.377719 37.079723
39 Guide Seamount -123.344605 37.088308
39 Guide Seamount -123.317624 37.088308
39 Guide Seamount -123.282058 37.084629
39 Guide Seamount -123.272247 37.084629
39 Guide Seamount -123.250171 37.084629
39 Guide Seamount -123.233001 37.073591
39 Guide Seamount -123.228096 37.051515
39 Guide Seamount -123.228096 37.028213
39 Guide Seamount -123.230548 36.993874
39 Guide Seamount -123.248945 36.971798
39 Guide Seamount -123.283284 36.950949
39 Guide Seamount -123.316398 36.942364
39 Guide Seamount -123.342153 36.935006
39 Guide Seamount -123.374040 36.939911
39 Guide Seamount -123.403474 36.949723
39 Guide Seamount -123.439040 36.958308
39 Guide Seamount -123.447625 36.975477
39 Guide Seamount -123.447625 36.995100
39 Guide Seamount -123.447625 37.013496
39 Guide Seamount -123.440266 37.038025
39 Guide Seamount -123.434134 37.046610
39 Guide Seamount -123.425549 37.060100
39 Guide Seamount -123.412403 37.066673
39 Guide Seamount -123.403474 37.071138
39 Guide Seamount -123.402576 37.071437
40 Davidson Seamount -122.848772 35.810428
40 Davidson Seamount -122.841630 35.817570
40 Davidson Seamount -122.832767 35.823479
40 Davidson Seamount -122.822693 35.830195
40 Davidson Seamount -122.775351 35.849132
40 Davidson Seamount -122.712228 35.883850
40 Davidson Seamount -122.633324 35.874381
40 Davidson Seamount -122.595450 35.864913
40 Davidson Seamount -122.585982 35.817570
40 Davidson Seamount -122.598606 35.751291
40 Davidson Seamount -122.623855 35.710261
40 Davidson Seamount -122.658573 35.659763
40 Davidson Seamount -122.680666 35.584015
40 Davidson Seamount -122.724852 35.539829
40 Davidson Seamount -122.784819 35.533517
40 Davidson Seamount -122.844786 35.527205
40 Davidson Seamount -122.898440 35.539829
40 Davidson Seamount -122.911065 35.584015
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Id Name Longitude Latitude 
40 Davidson Seamount -122.926846 35.659763
40 Davidson Seamount -122.911065 35.707105
40 Davidson Seamount -122.907909 35.748135
40 Davidson Seamount -122.879504 35.789165
40 Davidson Seamount -122.851098 35.808102
40 Davidson Seamount -122.848772 35.810428
41 San Juan Seamount -121.150295 33.011906
41 San Juan Seamount -121.150203 33.012825
41 San Juan Seamount -121.121746 33.069739
41 San Juan Seamount -121.103961 33.105310
41 San Juan Seamount -121.075504 33.155110
41 San Juan Seamount -121.032818 33.201352
41 San Juan Seamount -121.015033 33.240481
41 San Juan Seamount -120.975904 33.261823
41 San Juan Seamount -120.951004 33.283166
41 San Juan Seamount -120.926105 33.283166
41 San Juan Seamount -120.869191 33.283166
41 San Juan Seamount -120.837177 33.212024
41 San Juan Seamount -120.847848 33.169338
41 San Juan Seamount -120.851405 33.105310
41 San Juan Seamount -120.897648 33.009268
41 San Juan Seamount -120.958119 32.923897
41 San Juan Seamount -121.007918 32.827855
41 San Juan Seamount -121.093289 32.849197
41 San Juan Seamount -121.153760 32.881211
41 San Juan Seamount -121.157317 32.941682
41 San Juan Seamount -121.150433 33.010529
41 San Juan Seamount -121.150295 33.011906

 


